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INTRODUCTION 

California's treillendous population increase since TTTorld TVar I1 
has created serious proble~ns for those charged with the conservation 
of its natural resources. Fisheries resources depeiident upon the inainte- 
nancc of natural conditions are threatened with significant damage- 
if ]lot coinplete clestructioiz-by the construction of dams, by pollution, 
and by erosion. These problems are neither new nor unique. Valuable 
stream fisheries have been lost before to these three llorseinen of 
civilization. 

Erosion is probably the most insidious of the three, for it is often 
unspectacular ancl goes uniioticed froill one year to the next. The 
damage is often widespread and permanent. Aitlseii (1936) recorded 
changes in fish fauna of Iowa streams. Streams supporting trout, srnall- 
mouth bass, and other clean-water forms were transforined to streams 
colltainiiig rough fish or mud-loving forms. This change was attributed 
to erosion which transformed cold, clear streams to warm, turbid 
streams. Ellis (1931a) states that the outstanding factor producing 
changes in the IIississippi River fauna seems to be that of erosion silt. 

In summarizing man-made influences on the fish fauna of Ohio 
for the period 1750 to 1950, Trautman (1957, p. 29) states: - 
' Submitted July,  1960.  
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" These drastic nlodificatio~ls have coasiderably inodified th 
fish fauna, cl~a~lgiilg i t  froin a species complex, clomii~ated by fishe 
requiring clear and/or vegetated waters to one doiniilated by 
those species tolerant of much turbidity of water and of bottolll, 
colllposed of clayey silts. There has beell a shift from large fisllcs 
of great food value to sillaller species unfit as human food, or 
larger fishes of inferior quality as human food. " 

Concerniag the role of silt pollution in the disappearance of Atlalltic 
salil1on from Illany of its native haunts, Wolf (1950) declares : 

"Aiz,d now we have come to the problem of the silting down 
the spawiling grounds and its effect on the sal~non productioll~ 
This silting down is certaii~ly an important factor. TV11erc~J~~ 
such a thing happens, i t  is hardly necessary to loolr for ally other 
reasons for the total disappearance of the salmon. A very great 
part of the region around the former salmoil rivers flowing to 
Lake Ontario was cultivated during the course of the last centnry, 
Already i11 the begilining of this article, i t  has been rneiltioned 
liow the natural cover of vegetation col~tiaually diminishecl as 
cultivation went 011 and how the lailds slowly lost their protectioli 
against the forces of erosion. As a co~~sequence, the soil was wa,slled 
down illto the rivers, where i t  became silt. . . . , 7 

"As a summary, we coul,d say that, although lllaily factors con- 
tributed to diminish the power of resistance of the salinon stoclr, 
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()j' ~ ~ 1 l l l ~ ~ i 1 1 l l ~ ~ l l ~ ~ > l ~  ~ 1 1 1 ~ ) 0 1 ' ~ ~ 1 1 1 ( ~ ( ~  i l l  c ~ O l l l ~ l l ~ ~ ~ ~ l ~ ~ l l ~ ~ ~ ~ l ~ ~  l,]l(! I I I O ( ~ ( ! ~  1)): lvllicIl 
S C d i i l ~ ( h ~ ~ t  111o(lifi~~s the acll~iit~ic Ilt~bit;~t. js ki~o\\~leilg~: of t l ~ c  pllysical 
l l i ~ t , ~ ~ ~ ~ c  of secli111c11t ~ I I I ( I  i ts  ~ l ~ o v e ~ ~ l c : ~ l t s  ill Ijo~villg ~ ~ a t , c l ~ * s .  Seclil~~ellt  
ill-isc~s from i-t nll~lt,itr-td(: o I! soil t.j71)cs, \.a l-ies greatly i 11  sll;~ l)c?, sizc :111tl 
(lcllsit?-, a l~ i l  ci~ltcll0s flo\villg \\:i~tct~.s \vllicll \'ill')' ill \~cloc:it;)., t c ~ ~ l l ) e l ~ ; r t ~ ~ ~ . c : ,  
(-]o\\., (1 tt11~1)111~11(!0. Thc~ cwi11 l ) l ( b s  l)~.ol.)lol~ls i 11vo1 vccl 11cl.c ;I 1 .o  si litlicv l 
1)). tllc geologist, tllc soil sc.ii~11tis1-, ; t l ~ t l  tlic l l j -c l~*t~~~l ic :  c~ ig i l~c>c~. .  l~'islle~-ios 
~,iologists ~ ~ o r l i i n g  011 sediillc11lt;1tio11 p~.obleills sllo~ilil be w\val.c! oi' t . l~is  
\ \ . o I . I ;  il.ll(1 fznllili;~~. 1\7ith tl~c: basic c:o~lc:cl)ts of crosioll t~llcl sctllilllo~~tatio~l, 
1 , 1 1 1  11 i-cvic\\r of the litcrirt111.e on l.llis s l~b jcc t  ~\~; ls  beyol-~tl t l ~ c  sco1)c of 
illis ~.cpol't. W e  mc~it ioi l  i t  l l c l~!  0 1 1 1 ~ ~  t.o 1llal.l; i ts  est~-ctille i l i l l)ol-ta~~vo. 

l o  coi111~)relic1isivc i-cvic?nrs o fi tlic 171-oblc111s cl.c!atec.l by seCI i - 
I I ~ C I I ~  i l l  0111' water\va)-s \vllicll c-!onF~w~lt I i i l ~ ( l  i111~1 \\!atci: nses o t l ~ e r  t h a ~ ~  
;~c~l~iltic: life, scc? E i n s l : c i ~ ~  ant1 , l o l l ~ r s o ~ ~  (1!15(;) ancl Gleason (1.!155). 
SN! Clo~- t lo~~e  (1.956) fol- a ib(~\r ic \ \~ oti tlrc litel-at1-1i:e o11 tlle c:!ffccts of 
logg*i~lg 011 fish 1)rocluctioll. 

1)ctailetl p11),sici-ll tlesel.il)tiorls oti I IO \ \ -  r a i ~ l i ~ a l l  a n d  runoff erode soil 
\\-c!lSe preseiit,ecl by Osbor11 (111.55) a.11~1 Qottscllalk ancl J'ollcs (1.055). 
'l'l~csc: reports a rc  Ilelpfl1.11 ill uilclcrst;i.i~~cliiig tile f i~c to r s  g:.ovc:l.ning sedi- 
1 1 1 c 1 1 1 1 ,  ~no\ .crne~it  into or  \vitlliil a strca~llbecl. 

DIRECT EFFECT O F  SEDIMENT UPON FISHES 

l"ishe~.ies ~ ~ o r l r c r s  scekillg :.all i ~ ~ i s \ v c l ~  to the cjuclstio~l, ' ' ,11.(1 fish cl i -  
1.oct1~- llaia~necl by ino~'gi l~l ie  secli~nellt?", have ac.lliclvecl ;L ~ i l r i e t y  oi' 
~.ol)lics. This is not surpl-isillg, coiisicle~.il~g the  var ia t io~is  ill hediinellt \ 

I ~ ~ p e s  allcl sizes, i n  c ~ ~ r r j r o ~ ~ i n c i l  t a l  conditions, anc1 ill the fisllcs tlie111- 
, e l~~cs .  U~ l fo r~ tuua te l~ - ,  all of tllc factors tha t  i~lf loencc the rcnctiolls of 
Ilic fib11 can selcloill be nleasured i11 the field, ancl carefully c~oiitrollecl 
c ~ s ~ ~ e r i m e i i t s  subjecting fish to  seclill~ent are  rare .  

'l11le worlc of Wallell (1 931) is a n  cscept i o ~ ~ .  I Ie  co~itlnctctl c:o11 tl-ollecl 
iiclnal*jn~~l illvestigations 011 the clil.ect c-i't'cct of turbiclity 011 wwrm.\\later 
fislles. Turbidi ty  ~vias illcll~cecl b?- u\c  of silt a~lcl  ~i lontn~ori l lol l i te  clay. 
I'article size ~~wllgecl fro111 co;trse silt to  very fine clay. So salino~iiclh 
\\-ere i ~ ~ c l u d e d  ill the  tests. The results of this  stucly a r e  of suficiellt 
il1ll301.t to bear r epea t i l~g  : 

L ( 1. Tests were made to clctermine tllc direct efTcc,t of ~ ~ i o ~ i t i u o r i l l o n -  
ite clajv tui:biclit.y on 380 fislies inr-olring 16  species. 

"2.  Observable bellavioral reactions tha t  appcarecl as a turbiclitj. 
eBcct clid not  clevelop 1111fil coiicejltratioiis of tu rb id i ty  ~lcarccl 
20,000 1113111.~ ancl in one sl7ecies reactions did ilot appear  unt i l  
turbiclities reached 100,000 ppnl. 

'3. Behavioral re;lctions were governecl b ~ -  coilceiltratioiis of t u r -  
hiclity a n d  fol lo~zwl a clefillite pa t te rn  froill i ~ l c e p t i o ~ l  to death. 
The reactions iiicluclecl (1) momentary smimilliiig a t  the surface 
ailcl gulpilig a i r  a i d  water,  (2 )  I ea~ l ing  t o ~ r a r d  one side or  the  
other ~vhi le  reniaining a t  the slirf;acc for  several minutes,  (3 )  
floating ou one sick for  1113 to 30 llliliutes with a n  occasional 
s\vimming movement aiicl (4 )  floating ~vi t l l  only occasional, 
feeble, opercular a n d  pectoral fin movements unt i l  t,er.minated 
by cleath of t he  f i sh~s .  
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"4. Most individuals of all species used endured exposures to mope 
than 100,000 ppm. of turbidity for a week or longer, but these 
same fishes finally died a t  turbidities of 175,000 to 225,000 ppm. 

"5. Lethal turbidities caused the death of fishes within 15 minutes 
to two hours after the onset of exposure. 

"6. Fishes that succumbed to turbidity had opercular cavities and 
gill filaments clogged with silty clay particles from the water, 

"7. Important conditions enabling fishes to avoid clogging of gills in 
sublethally turbid waters were (1) maintenance of movements 
and (2) aeration of the water. 

"8. The results of this work indicate that the direct effect of mont. 
morillonite clay turbidity is not a lethal condition in the life of 
juvenile to adult fishes at  turbidities found i11 nature." 

Wallen found no evidence of gill injury even though the gills were 
blanketed with a layer of silt and the opercular cavities matted with 
the material. All organs appeared normal. Arteries and veins were not 
congested, and no unusual amount of mucus was secreted by the gills. 

Ellis (1937) also examined fishes whose gills were coated with sedi- 
ment. His description (page 401) of the coating responsible for death 
agrees with that observed by Wallen, ". . . the precipitate coated the 
gill filaments and filled the filament interspaces so that the water 
pumped through the mouth and onto the gills for the aeration of the 
blood could not reach the cells of the gill filaments. Consequently, the 
aeration of the blood with its accompanying gas exchanges was pre- 
vented, and sooner or' later death followed from a combination of 
anoxemia and carbon-dioxide retention." It appears that coating of 
gills by silt impairs the fuiictioiis of circulation, respiration, excretion, 
and probably salt balance. I n  our review of the literature, we turned 
up no reports of equally comprehensive tests on salmonids. 

Griffin (1938) coiiducted laboratory tests with young cutthroat trout 
and king salmoli in connectioii with 13. B. Ward's famous investigation 
(1938a and 1938b) on the effects of placer mining on the Rogue River 
in Oregon. The tests were made on young cutthroat trout and king 
salmon held in water recirculated through troughs. Silt from a placer 
operation was introduced into the troughs. The cutthroat trout test 
lasted 30 days with a 56 percent survival in the sediment trough, com- 
pared to a 10 percent survival in the control. Turbidity reached 3,500 
ppm. at  daily stirring, but was maintained between 360 and 600 ppm. 
during the remainder of the day. The experiment with king salmon 
ended in 28 days with a survival of 88 percent of fish in muddy water, 
compared to 36 percent for the controls. The maximum load a t  stirring 
ranged from 3,100 to 6,500 ppm., and the constant load from 300 to 480. 
ppm. For a number of reasons, adequate control conditions were not 
maintained during the experiments. More extensive tests were called 
for but, as the author indicates, this was impossible due to the limited 
time and apparatus available. 

Griffin concludes, "The results of the experiments indicate that,  
young trout and salmon are not directly injured by living for consid- ' 
erable periods of time in water which carries so much soil sediment 
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I 1,llat il, is nliltlc, cstremely li~ntldy i111c1 O I ) R C J I I C .  ' ~ ' I I c J -  i ~ l h ~  it~(lic+i-~tc that  
C L I ~ ~ ~ ~ L ' O R ~  trout aild salmoii fingerlings call fced ii11(1 g ~ ' o \ \ ~  i I l ) l > ~ r e ~ ~ t l y  
well in very 11luddy \-crater." 

I k fo r c  tlie significanlcc 01' Il~osc t~onclusio~rs (.ill1 be al)preciatcd, it 
lliust be remeillbered that the cluratioii of tlie tests were 20 and 28 
(li~ys and that  110 attenlpt was irladc to c011l11i~l.c or analyze growt,ll or 
(~ouclition of the test fish. 

1 Some of tlic stateillellts in this report Ilavc beell inisinterpretecl, and 
1 Siuiill (1940) has clarificcl tlie inatter. 

"Griffin, in Appendis E to Witrd's report (1938a),. gil\.e tlie 
results of an  espcrimcllt wliicl~ sccilis to prove, accorcllng to the 
Cnlif ov?zln Mill i.119 Jozu.91a1, Odober, 1938, I liat ' y o ~ i ~ g  fisli thrive 
on mucl.' I11 tl~osc es l~er i~uents ,  cuttllroat trout ancl chj~lool; sill~noil 
fingerlings welac. licld ill 11a1 C I I C P J ~  1 i -oi~gl~s,  SOIIIC ( * o ~ i t a i i ~ i ~ ~ g  c l ~ a r  
water and others mudcly ~vater .  I11 both species, tlie s u r ~ i v a l  was 
greater iii muclcljr thall ill clcar water. ITo\\~cver, ~ I L  cucll of the two 
t anlcs of clet~l* I\ ate]., t llc I~cit~.icst loss occurred cluring thc first 
f'our clays of the ex l~c r in~c i~ t .  Griflin :~ l t i~ ib~~ tcc l  the 1 i c a ~ ~ -  loss to 
Ille fact that  the fish i l l  elcar \\.atel- \\.?re able to scc better ancl were 
so f~* ig l l t~ i i c~ l  by i~ctivit). iICi11' tlie t;ll~l;s tl~ai,  they tlashccl against 
tlie walls and injured tliemsclvcs. 'i5Tllatevcr the cause, a mol-tality 
as large as forty-six out of seventy-five salnion fil~gerlings in four 
days nlust be attributed to sollie uiiusual factor \vlijc11 \\.auld not 
affect wild fish. I11 fact, ten out of tlle forty-six fil~gerlillgs died 
because they leaped out of t l ~ c  tktnlr. Coilsequently i t  would be 
better to co~lipave s u r ~ i v a l s  aftcr tlie fotwtll da37. TVIieil this is 
done i t  appears that thc sa11uo11 iuortality was l~igller i l l  nlucldy 
~vater ,  12.2 per cent, t l ~ a l ~  ill clci11. I\ titer, 6.9 per cent. liebults of 
the esperinleilts with the cutthroat trout were the reverse; mor- 
tality was 42.9 per cent iii ilzudcly water arid 85.7 per cent j11 clear 
\rater, disregard in^ losses cluring the first four c1aj.s. Both percent- 

? ages of mortality tor c u t t h ~ o a t  trout  are so a b n o ~ ~ u a l l y  high and  
tlle iiuinber of fisli usecl in the experimeiit so sillall (fifty ailel forty 
a t  t l ~ e  s tar t )  tllat I ~ i c  cl ~ff!cll~ctlcc bclt\\.ceu the perceiltages has 110 

significance. The 0111~~ coiiclusioll that  nlay be drawn froin the two 
esperiments is that salilloil and trout fiiigcrlin$s call survive and  
take food for  a fen1   reel is in muclcly water. Grifiil lliinself stated 
practically the saille tliii~g, but  unforttulately l ~ e  presented his data  
111 sucli a way that thpy call be inisinterpreted easily. lnciclentally, 
the fact tlzat fish call filicl artificial foocl iu ~liuclciy \vatel* would 
not help thein nlucli ill s t r ean~s  ~r l lerc  silt has smothered tlle 
natural food orgallisins. ' ' 

A field experimellt or1 the direct effect of turbidity oil cutthroat t rout  
I was collducted by Bachniai~n (1959). Two enclosed 30-foot stncly sec- 

tions were established on Silver Creelr, Idaho, wit11 six fish placed i r i  
the lower sectioii ailcl five ill t l ~ e  upper. 'l'lie lower sectioii was subjected 
to artificially created silt turbidities for two Ilours. Average i l iasimu~n 
turbidity was 35 ppm. Fish in the turbid sectioil sho~ved no distress 
and suffered no mortality. I-Iomever, the coiitrol fish fed actively 
throughout the study period, while the test fish ceased feecling a n d  
nlovecl to cover. 
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Another field experiment on the survival of trout when (?xpose(l 
higher turbidity created by a gold dredge on the Powder River lv 

carried out by Ca~npbell (1954). Ra i~~bow trout fingerliilgs w 
the tests. The colltrol was located in an unpolluted tributary with t 
test fish placed one aiid one-half miles below the dredge. Turbidi 
ranged fro111 1,000 to 2,500 ppm. Losses of trout in the silty are 
reached 57 percent within a 20-day period compared to 9.5 percent, i 
the control. The presence of bottom fauna, though drastically redu 
during dredge onel-ation indicated the absence of toxic substances. 

Pautzlre (1938) conducted live car experiments with steelhead t rou 
in Cedar River and cutthroat trout in Squalicunz Creek, and 
revealed that the combined action of sand, slate, aizd coal particles 
ried,in suspension were lethal to all test fish in two aizd one-half 11 

and one-half hour, respectively. " Examination of the ilea 
closed heavy secretions of mucus covering the fish aizd the gills. 
masses of coal dust and slate particles adhered to the mucus." 
material is discharged to the streams during coal washing operations, 
The coal chiefly mined was semi-bituminous in type, low in sulphur con. 
tent, aiid lliglz in waste materials such as slate and sand. Fish 
kept overnignt i n  water pumped froin the mine to determine if it IVU 

causing the mortali'y, but no losses occurred. 
We have found P-any statements in the literature that silt is di 

harmful to fishes by interference with normal gill functions. 
Ellis (1944, p. 1.2) in a report setting down water purity standards 

for freshwater fishes summarized the results of a series of experi 
conducted by the U. S. Bureau of Fisheries: 

< 6 . . . Particulate matter of a hardness greater than one i 
in suspension by current action or ot,herwise will injure the g 
and other delicate exposed structures of fishes, molluscs aizd 
sects if the particles be large enough. A large series of exper 
at  the Columbia laboratories have denlolistrated that roclr p 
blast-furnace slags, cinder particles, and even coal washings will 
cut and injure both fish gills and the ~izaiitle aiid gills 
inolluscs if the particles be larger than those whic 
through a 1,000-mesh (to the inch) screen. I n  the actu 
larger the particles, and the greater their hardness and ang 
the greater the possibility of injurjr to gill structures 
abrasive injuries not only cut the gills but provide elitr 
disease organisms. Even erosion silt which will pass t 
1,000-mesh screen produces copious flows of mucous from bivalv 
molluscs and increases the secretion of slime by fish gills if th 
quantity in suspension be great enough. " 

Kemp (1949) stated that mud or silt in suspension will clog or cu 
the gills of many fish and mollusks and he considered 3,000 
gerous, if maint,ained for a period of ten days. As an exampl 
a flood in 1936 which created a turbid it,^ of 6,000 ppm. i a  the Poto~na 
River and lasted 15 days. The fish kill was large and the oyster bed 
were severely damaged. 

Trautmaii (1933) maintained that gravel pit washings and soil was 
ings from corn fields, ". . . clog or cover the gills of fishes and 
prevent re~pirat~ion that death results; . . . 7 1 
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 el liable as thcsc and otl~or ~ b h ~ l ' \ ' i ~ l  ion\ 111i\y be, t l ~ e  fact reiliains 
tllixt little data are available to sul,l)ol0t all!- 111iivcrsal allswer on 
,\rllcther or not scdilnent is dil-cdly Ilit1.1nf~l to fish. 'l'hc fislic~*icq worker 
i I L \ ~ ~ ~ s t i g a t i ~ ~ g  t l~ i s  p1-oblcili 1l111st I)(> 11l~cl):11.(1tl to tool; vc1.y cal+claully a t  

conditio~is before Ilc bln~ncs tllc scdinleiit itself Eel. direct clt~li~age 
to fihl~es. 

Ylie presencc of tosic watcr co~~lplicatcs t l ~ c  1,icture. Ellis (19337) 
I Ijoiiltecl out that heal thy and nllili jurccl fisl~ ctul move tliro~~glx very 

Ili~iclcly \\later siilce the coiitinuous sccrction of ~llucus ~vashes away 
tile seclilllent pa1.ticles. IIo~vcvcr, ~vllen toxic cl~cmicals injnre the gills 
or nlter thc flow of nmcus, the a(ltlitio~1 of snspe~icled silt may aggra- 
.\late gill damage thro~igh incl-casccl abl.asive or 111atting actioll. 

T\Te observecl an  csamplc of illis i l l  1957 ~v l~c l l  a l~olcljng 11ond for a 
clay products 11lant washed a~vaj .  i l l  to the Moliel~unne l < i ~ c r  near 
Ca~nanche, California. The sainc 1-;1i11s ~v11icl1 washecl a ~ v a  y tlie polld 
clilic caused higl~ly toxic I Z T L ~ C I *  ( : o ~ ~ t i \ i ~ ~ i l l g  cq11)er a ~ i d  zinc to flow 
jllto the river f roil1 a11 abaiicloned 1ni11 c f i  \,c mile\ nl~stl.eani. Observa- 
tiol~s b ~ -  local wardcns suggcstcd t l ~ n t  Illc concentra ioll of clay ill thc 
I-ivcr killing fish, but s i i l ~ \ ~ ( l ,  !c:l~t b i ~ i \ \ \ i \ ? ~  sll xecl o111y t l ~ a t  the 
fisll cliecl nlorc rapidly wlicll os1,osctl to tllr sns11~~11clcc1 clay and the 
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toxic water than they did in the toxic ~va tc r  alollq. 
The fisheries worker is usual1-y p~.esclitecl wit11 less clraiuatic cases 

t l ~ a n  this. Our literature review ancl exl,ci-icnce suggests that  the ques- 
Iioll, "Is  the sediineilt dircctljr ]la]-mful to fish ?", callnot really be 
a,i~s~vered ~ v i t l ~ o ~ ~ t  1<110wing niore tlli~li nsuall y is lanow11. I n  nlost cases, 
indirect clanlage to the fish populatio~l tllrol~gli t l~struction of the food 
\npply, eggs or alevins, or c l~ ; i~~ges  in the llabitiit probably occnr long 
before the adult fish are clirectly harmecl. lJlllcss he is prel~arecl to 
conduct exhaustive tests, the fishel-ies ~vol.licr ~voulcl do well to leave 
the question unanswered and base liis actioiis on the indirect effects of 

I sediment and subsequent cllanges in the fish population. 
Of course, the fish do not 11ave to be lrilled to be directly influei~ccd. 

Siinliler and Snlith (1939) a11~1 Smith (1940) rel~ortecl that  lring salnlon 
avoiclecl the nluddy water of the ITuba R i ~ c ~ ,  California, in  preference 
i'or the clear \\rater of a relati\.el>- sillall tributary, contailling about 
1 /25 of the flow of the Puba.  Salillo~i occul.red in sucli concentration8 
Illat prc~riously constructed redcls \\-ere torn up. TTThere clear seel3ag.e 
f l o ~  created a clear streak along one side of tlie Puba  River, salmon 
again were attracted in more conspicuous i~ulubers than to nearby 
spa~vning areas in the main river. 

These two reports also meiltioned the behavior of salmon i11 streams 
of Bristol Bay, Alaslra, whicli carry a 10x1 of glacial silt. Salmon will 
s~\iiin through this silt, but al~vays spawn in tlie cl ear side tributaries. 
C:ooper (1956) noted that  soclieye salilloii inigrate through the Fraser 
]liver during high turbidities but spalvii in tributaries where turbidi- 
tics are low. 

The 7Vashington Department of Fisheries ( I  959, 11. 57) reported 
that the king salmon run  in  the Columbia River was deterred by ex- 
cessive silting below Bonneville Dan1 with near disastrous results be- 
cause the fish were held u p  in an  area where they were subject to 
ullusual harvest. 
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Tlle fact that  liil~g salll~oll adults react to turbid waters seems clear 
The difficulty of making. obser:vations of fish in  turbid water has pP; 
vented very exact definition of just what the reactio~ls are. 

INFLUENCES OF SEDIMENT UPON EGGS AND ALEVINS 

Sediment depos j t io~~  in streanls has for years been thought to be 
damaging to fish eggs buried tl-]ere. Tile proble~n has been investigated 
rather exteasively. 

One of the earliest publisl~ecl expel-iments in the hatching of fish 
eggs in gravel TVRS r q ~ ~ - t e d  by Harris011 (1923). I-Ie described t l ~ e  re. 
sults of tests colicluc,t,ecl in British Columbia nrith eyed eggs of tile 
socbeye s a l ~ n o l ~  as follows : 
N u m . b e ~  
planted Dcscr ip i~ inn  of ?rest 

500 Gravel  from size of pen to liicltory nu t ,  solne clean 
500 8:lme a s  nhovc ~ v i t h  top  coating of s i l t ,  fr inch dcep :;25 
500 F i n e  gri~\ .cl ,  s a n d ,  and slnnll nrnouilt of clay in  sand------------ 200 
500 Fine g ~ . a ~ l e l  ; ~ n d  much clay o r  mud in  silnil--------------------- 170  
500 Gr:l\:el from siac of liicliorg n u t  to Ivnlnut, very l i t t le  snatl, n o  clily 

o r  top covering of s i l t  420 

Bobbs (1.937) conductecl a 1,ioneering study of natur  
of biilg salmoli, ancl brown and rainbow trout i11 several New 
streams. Ris  observatioi~s on mortality of eggs in  the gravel, 
to state (page 75) that, "Tlie hulk of losses which, irrespe 
species of fish, occur in varying intensity i11 cliffereilt stream 
different reclds of the sanie st-lvea.i~ls are attributed to a con1111 
[sediment] . . . \vl~ere redds are very clean losses are ve 
Where redds are very dirty losses are hea.vy." 

Hobbs sampled the secli~nellt in redds and direct 
tality ~ v i t h  amounts of 111ate~ial that  would pass thro 
screen. Differences of only a few percent appearecl 
mortality. Relat.i\lely small amounts (four percent) 
He  states (page 75) ,  "There is sufficient evicleilce to sllow t 
permeability is 10~11 there is a greater loss than where, other 
being equal, the redd nlaterial is inore permeable." 

While Hobbs carefully e s p l a i ~ ~ e d  the probability that  the 1 
directly due to reductioli -11 a~nouilts of oxygen reaching th 
hoi~estly states that  his clat,a do not furnish evidence of th i  
able to define the bulk of the losses as occurring before eyeing, ~vljen 
the egg was betnreen 10 and 20 percent of its way toward 
development. Silt deposition during the eyed stage resulted in lo\\'er 
metabolic rates. I-Iobbs states that  i t  is quite conzil~oil for a 
to be formed over the top of a redd. This did little harm 
with turbid waters increased the penetration of fine material int,o the 
egg pocket of the redd. 

Ilobbs found that king salmoi~ eggs, buried a t  
brown trout eggs, were less affected by silt. Not 0111 
tected fro111 the silt because they were buried deep 
pleted pre-eyed developnlent before the worst floods. 
spawned after the floods ancl they cleared silt from t h  
the process of redd construction. 
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Sedi~nent in these New Zealancl streains ~ v a s  introducecl by natural 
causes, mostly flooding, and in eel-tail1 observed cases was sufficient 
1 0  cause nilusual lnortalities of eggs. In ]nost cases the success of liwtn- 
l.al reproduction was excellellt. 

i2ltl1ougll the cx]-wriments by ~ I I R ] > O \ ' ~ L I O V  (19:jri) ~\~e i -e  ]lot dc s ig~~ed  
10 test, the influence of silt on steclheacl eggs, ~ i a t u r a l  siltation entering 
111c 11ntclie1-y water supply pi-oviclecl sue11 all ol~portunity.  rF1170 esperi- 
I ~ ~ ( ' I I ~ S  were conducted comparing s~irvi~ral  of eggs placecl in gravel ill a 
I lwt cl1er.y t ~ o u g h  with eggs in thc stanclan-d wire hatching basket ill 
; ~ c ~ ~ ~ a l - i u l l ~ s .  During the first tlwial, heavy rains callsed the water to be- 
~ o l n e  nimddy for nine clays. I'ei-centagc snrvival to time of emel-gence 
~111ri1ig tlie first trial was 29.8 percent for the eggs bnriecl in grayel and 
SO lwrcent for the control lot lield i l l  a standard liatcllery baslret. Clear 
~\ . ;~ ter  conditiolls existed during the seconcl trial ancl the egg survival 
\\,as 79.9 1,crcent iiz t11e baslret and 81.7 percent in t l ~ e  gravel. The autllor 
st;~tos, " The exact efYect [of silt] on the eggs ill the gi-avel callnot be 
i o l t l .  esccpt by i~lference from the s u r ~ ~ i v a l  clata, but i t  was obse~*ved 
t l ~ a t  there was a heavy coating of silt 011 101, of the gravel ancl clo~r.11 the 
sides of the aquarium, reacl~ilig the eggs. . . It nlay be significallt tha t  

tlie colitrol lot the largest iininber of clead eggs was i*einovecl clui-ing 
tlic three days follonring the periocl of mndcly water." 111 tlie sunimary, 
Slial~ovalov maintained that  u11tle1- goocl coilclitio~~s in nature the per- 
centage of eggs ~\~llicll  are fertilizccl, hatcll, and emerge from the gravel 
is rather high but  may be quite low under adverse conditions such as 
silting calmed by flooding, as here, or inining. 

Shapovalov and Berrian (1940)) as a follow-~111 to the 1937 tests, con- 
tlllcted controlled experilnellts 011 the hatching of silver sallnon eggs. 
l'lle experimental lot was buried in grayel in a hatchery t rougl~,  with 
tlle control lot placed in a standard wire hatching basket in  a sinzilar 
trough. Survival to emergence nras abont 10 percent from the gravel 
and 50 percent from the control. Concer~ling this poor survival, the 
authors state, " In  the present experinlent solue of the worst floocls 
ever experienced occurred while the eggs were in the gravel (especially 
just after the eyed stage was reachecl), and the water in  the llatchery 
troughs was laden with silt . . ., -tr.hen the experiment mas concludecl, 
the gravel mas removed by hand and a considerable anzount of silt was 
found throughout it. A large ~lninber of eggs that  had developecl par- 
tially was found also. There is every reason to believe that  they were 
smothered by the large quantities of silt that had settled around them. " 

Shapovalov and Taft  (1954) presented the results of extensive studies 
011 Waddell Creek, California. They stated (page 274), "As in the 
case of the silver salmon, silting occul-ring between fertilization and 
hatching is probably the principal cause of pre-hatching losses. " 

Alnoilg the investigations on the effect of mining silt on the yield of 
f r y  froin salmon spawning beds is that by Shaw and  Maga (1943). 
Silver salrnon were used in  the tests ~vhich were conducted a t  the Brook- 
dale Fish I-Iatchery, Santa Cruz County, California. The sunlnlary and 
collclusions of this report are repeated below : 

"1. Salmon eggs hatched in the usual manner by placing a 
basket of eggs in the flowing wat,er of a hatchery trough produced 
a yield of 79.97% f r y  with 733 tenlperature mlits. 
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lowered the yield. To first emergence from the gravel 992 temp 
ture units were required. 

through the gravel and deposited silt. 

of f ry and is therefore a serious menace to nat,ural propogation. 

periods stream flows in areas suitable for steelhead, trout, or salmon 
spawning are sufficient to prevent bottom deposits of natural erosion 
silt and damage to eggs in the gravel is minimized. Thus, while, 
mining silt may be natural material, its presence in waterways. 
during nonerosioii periods results in bottom deposition which is 
unnatural and damaging. ' ' 

ment of Fisheries of the effects of a large clay slide near Hatterman, 
Washington, on the North Fork of the Stillaguamish River. The studies 
were reported by Heg (1952) and Hertzog (1953). The slide consisted 
mostly of fine material about 90 percent of which was small enough: 
to pass through a number 200-mesh sieve. It was calculated to have 
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i l l e ~ l ~ ~ ~ ~ ~ s o ( l  t111~1)idit)- of the) ~tI~('i1111 by a1)01.1t 35 ])])in. I < x ~ ) ( ~ I - ~ I I I P I ~ ~ s  ili(1i 
c:il,f.c!cl thi~1 loss tlli~ I I  1.5 yercel~t of tlic iutroclncccl 111wtcrial sctt-led out j I I 

(lllicsc(!llt tlreils Of tllc stre:un. 
~tecl11ei~c:l (?figs 1vcl.e clepositecl ill pla.stic i~icsll ba.gs a t  ~turior.ls clis- 

tilllccs belo\\- tlic slicle. Tllc si l t i i~g fl.ol11 tllc! slidc ~~cclucctl s~iccc:ssfr~l 
c l o \ - c ~ l ~ ) l ) ~ ~ ~ ~ ~  0-l' eggs a~Ltl 1'1.~7 for a disti111c:e of less t l i i ~  11 011e 111ile tlo\\r~i- 
s i l + ( I ; ~ ~ ~ ~ .  . I I I  i h i ~ i -  i l l ' k ' i l ,  seclil~~o~lt (leposits ca.llsecl Iosscs of 50 to IOO 1)(!1'- 
l , c t l l t  of tlicb cggs obsel.\.ecl. 

f l ' l ~ ~ l  I!.S. Fish i111tl IVilcllife Xe~.\,ico 11w.s beci~l co~~clr~ctiu(y snr \~i \ , t~ l  
9 

s[ 11(lios O I L  t h h  (?g'gS Of liillg ~ ; 1 ~ 1 1 1 ~ 1 l  ill nfill c~C(!l<~ c:i~lif~)l'l~lii ( ~ ~ t 1 1 1 g -  
l l l i i , ~ * ] i  2i11cl J;I+O:J(~, I!)55 i 1 1 i ( I  1!)56). J G ~ ~ S  I\,CI*C ~ ) I ~ ~ c o ~ . I  ~ I I  ( ; O I ~ ~ ~ I ~ ~ I ( ' I + S  : ~ t 1 ( 1  

l ) , l ~ - i ( > ( l  i l l  ~ l) i l . \ \ .~l i~lg 1-ifl-lcs. rl ' l~c? 111ost obvious lia,cto~ afFectillg egg sur-  
\.i\.;lI i l l  t l ~ e  es]~c?i~inlc?llts \\'il.S floo(lit~g. 11 cl.ose co~*~.cla.t-io~l csists betweell 
(!(,.I,. C I- IOSSCS i \ l l~l se~~el 'e  freslictx. Siilce t.ui:biclity allel siltat.iou oc.cni.rec1 
silrl11ltt1ll~o11s1!- \\'it11 floocli~~g, it ~vonld ~cc~i1.1 diftficl~lt 1.0 sclxi~:atc 1:llc 
,111't~:i; of e i ~  (411 : I lo~ve~~er ,  actual 111) ysical dcst,l.uctio~i of tllc spawllii~p 
1 ) t . t  Is 1)y sco~u- i~ lg  ~ ~ p p e a r ~ i l  to be tile n-lost iiuportallt factor. C'oin~nel~ts 
O I I  t l ~ c  sig~\if ic: i~~~ce of silt i l l  cgg iliortality a.l,lxal.ccl i l l  boll1 rel~orts .  
I { : S ; I I I I ~ ~ I ~ I . ~ ~ ~ ~ I S  of eggs ~ O L I I I ~  i \ f t e ~  a sevcl-c floocl cll~l-i~lg the first t,est 
~.c!\rcbt~lctl thitt llolle of tlic e1nb1 .y~~  liacl sul.\:i\rkcl t,he floods. "'l'lie shift- 
i11g of tlie ch>iiluel ancl the c.1-ocli~ig :i11d s i~ to the~~ing  action of silt-'- 
a ~ ~ c l  sancl wl~parently causecl a complete kill of the developiiig young 
sal~lloll.'! 111 tlic second stlitlp ii c.olltl.olled flow ai-e;). \\.as i~lclutletl as it 
co11 trol ,]lot s~lhject  to sever(? sc.ourinW floods. " Eggs i l l  the (ioiltrolletl 

9 
flu\\- area sufferecl illortalities froin sllt cleposition o~l ly ."  

J I ~  the inost recent report on their ~vork  a t  Mill Creel;, California, 
( : i~ .~~gl l~ar l ;  a~ l t l  Baliliala (1960) preselltecl data to show a clirect ' rela- 
t.io11ship bet~veeil t,he velocitjr of seepage in gravel adjacent to plantecl 
1ti11g salilioil eggs ancl the survival of those eggs. They illeasnrecl tlie 
velocity of seepage \\-ater through the gravel \\lit11 plastic stanclpipes, 
aiid t,lie iiiortality of eggs by bul*ying theill in plastic co~ltaiilers in siinu- 
Ii~tecl reclcls l2 to 14 iuclles unclel. the st]-ea~nbecl. A t  velocities of more 
tlla11 3.5 feet per second, betwee~i 5.8 aizcl 2.9 percent of the eggs diecl. 
At velocities bet~veeii 3 . 3  to 3.5, mortality ranged fro111 10.1 to 13.0 
])cl~.cent.. At ~elocit ies of 0.5 to 1.5, ~nortal i ty ra.tes ranged fro111 24 to 
40 1)ercent.. 

'I.'he authors studied salmoii 1)roduction in an  olcl streaiilbecl through 
~vllicli a chailnel was bulldozecl and froill wl~icll silt hacl beell flushecl. 
They coiilparecl production with that  of Mill Creek itself : 

L ( Productioil of saliilon in the Sacraillellto River area is liillitecl 
by a variety of complex factors affecting the iiicubatioil of eggs, 
principal of ~ v b i c l ~  is the silt cleposit left by heavy ruiioR of water 
that is typical of streaills ill this area. The illeans for a l l e~ ia t ing  
damage resulting froin heavy streail1 runoff appears to be coiltrol 
of the iiatural streailz. I11 the assessilleilt of factors that  caused the 
superior productioil of saliiloil i11 the experiilleiltal coiltrolled 
stream, the illost iillpressive relatioi~ship in 1958 was the one asso- 
ciated with seepage rate ill the gravel . . . , 7 

"Mortality to fry stage was 98.3 percent in  the 1957-58 Mill 
Creek plants. This high mortality was obviously associated ~vit l i  re- 
ducecl seepage in the gravel, .nlliicli averaged oiily 0.3 foot per hour 
during most of the incubatioil season. 111 the controlled-flow area, 
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associated with good seepages. I n  the other extreme, 22 percent of 

efficiency of natural propagation of chum salmon in Nile Creek, British 

water. Consolidated gravels were avoided. The detailed characteristics 
of water currents were studied in the laboratory and their existence 
demonstrated in the field. The currents mere found to run  obliquely 
downward through the gravel, a t  right angles to the surface of the ' 

gravel bank. These currents enable the female to detect areas of suitable 

crease towards the middle of the pool where tliey cease. 
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f01- the fish to excavate. 
] le  also c~o i id~~c ted  1abol.wtory c~sl,clt.iiiicl~ts 011 tl~cl ctfloc.ts of silt o t ~  o\-il 

i l ~ ~ ( l  i~l(>\ . i t~s  of brow11 trout  it1 S ( ~ ( ~ t l i i ~ ~ ( l .  'I'liis st11(1>, I Y ~ S  1~1-011111t(~(l b ~ -  
fipltl inrestivations w11ic.ll i ~ ~ \ - ( ~ i i l ( ~ t l  11igli ~ ~ t o l ' t i ~ l i t ~ .  of O\'il  i l l  l'(v1t1s ox- 
I,C)~o(l to h i l t ~ ~ t g .  Tests IVOTP IIIN(IC fit-st \\ i t  li 11;1 t  111x1 ~ ( v l i ~ ~ i o ~ ~ t s  illid Iilt(11' 
jvi t l~ ~ ~ a i ~ t i c l c s  of ca~-ni ine 13o1vclcbr w~itl fi11c.l~- tli\.itlotl ( . i l ~ ~ b o ~ ~ .  Illavl~ 111ii- 

1 (ll.iwl garr(> siinilar rc~iults.  
11 \\as foul10 titat the chol*ioll lost i ts  smooth a~icl glossy exterior b ~ .  

ilttl.acti~ig tlie filler silt particles : t l ~ c l  so011 bcciil~io coni13letel~- co\-cb~-c.tl 
b , ~ -  a clarli coat of secliinc~~it. All early ova i l l  t l ~ i s  vo~itl i t iol~ dird ~ v i t l ~ o ~ ~ l  
l ~ i i t c l ~ i ~ ~ g .  EJ,(JCI ova p l a e ( ~ 1  it1  t~iibbi(l I Y ~  tors s111*1,iv(v1 s l~oi+t  ( l x l ~ o s ~ ~ r o  to  
tllc~sc~ coriclitio~is (about 4s haul-\). IJtilil;cl tltc. o\.;~, ~lc\\lly-liwtc,l~c~tl 
;~l(l\rins i+rp(llled suspe~~tlecl  l?al*ticlrs. l'ltis \\.ilh ;~cc.ornplished t l l rougl~ 
])c>(.to~*iil fill aetioti a ~ i d  i ~ l t c l r - ~ n i t t e ~ ~ t  tail flrsiolis. ,\bout 24 ho11l.s irftct~ 
It i~tchi~lg, the ii~outll a n d  gills of tlir a lcv i~ i  11cgw11 ful~c:tiol~ing to c~-clittc 
;i II(~I\ .  I~azarcl. S u r v i ~ l t ~ l  of tlre : ~ l ~ v i n s  ;it tliis stwp(~ tlel3eiiclcd ~,rimai-il \-  
O I I  lhtb t i l l ~ i ~ i g  of t l ~ e  silt aclclitioi~s. T ~ I C  v o ~ ~ t i l i ~ l o ~ l s  ac1cliti011 of ~ I Y S I I  
scvlil~iellt 1.es1~lted ill se r io~ls  i~if-lamnlatio~i of tho gill meii~bi-;iiic-ls n~llich 
c~\.t~lltuwll~. cansecl death. I l l t c r i n i t t e ~ ~ t  ;itlclltio~~s tlitl  lot cause deiith. 
( )ltler a levi l~s were sligl1tl;7~ lilore ~ . r s i s t ; ~ ~ ~ t .  , \ le \ . i~is  wl.cl, ill oe l ie~xl ,  bet- 

? 
t ( > t v  i ~b l e  to cope wit11 silttition as tliey gro\\. ii~ltl 11101~0  o11t of t l ~ e  g r a ~ ~ e l .  
S111iir-t co~~clucles,  as  follo~vs ( lx-~gc 35)  : 

"As we have seen, silt is ]lot 1 .~1 . j .  c la l igcro~~s in  the  ~iorlna! 
stream if escess occurs only a t  ilitel-11~1s. The character of such nor- 
lual streams call however be allerecl drast ic i~l ly  by allo\ving the  
~vashillgs of quarries, gravel pits, mines, ctc. to f lo~v illto s t reams 
untrcatecl. I n  nlally cases the cluaiiti ties allo~vecl t o  enter  t he  
streams niay be snlall ancl the malerial  ill sus1)eilsion ma!. i n  itself 
be of a 11011-toxic charactel., bu t  as  has bw11 show11 above, continu- 
ous ayplication of snlall quantit ies over the redds Inay be n i ~ ~ c l i  
more detrilneiltal to the welfare of the ale\-ills tliti-ln suclcleli fluslies 
of large quantities." 

C o o p ~ r  (1956) conducted a thorough in\-eslig;itio~l of a 111-obable clam- 
age to soc4l;eye salmon rulis i n  the 1lol.sefly River, 13ritish Colunlbia, 
Ilaoii~ proposecl placer nliiliug. The stud!- was ~ * a t l l c ~ -  ulliyue ill .that 
C o o l ~ c ~ .  cleterliiii~ed ~\lliicli n~atei.i;ils ~ v o i ~ l d  be cl(~l,ositetl 011 tlie spa11711iiig 
bctls, ancl t l~ell  ill the laboratory dctermi~let l  t h ~ i r  l~robable  eflects upoil 
the s u c c ? ~ s  of socke\re salnlo~l  egg i-111~1 ale\-ill s ~ ~ t - v i ~ . a l .  1-le : 

I .  hfeasl~red ~ e l o c i t y ,  elischarge, cross sectio~is,  slope, suspe~lcled sccli- 
ment,  a n d  bottonl s ed i~ l l e~ i t s  i n  the stream. 

2. Dete~.mined tha t  secliillellts tralisportecl ill suspellsio~i were 0.3 mni. 
or  less in  diameter, ailcl those trailsported as  becl loacl were 32 mm.  
or  less. 

3. Estimated tha t  with bcd tractive force exhibited a t  lomr flows d u r -  
ilig the spawning periods, particles of 0.119 nim. or  larger  ~voulcl 
acc~unula te  on the s p a ~ v n i i ~ g  becls belo\\. the proposecl in i l i i l~p  
operation. 

4. 34easured the particle size of sediillent procluced by  a pilot placer 
mine. 



CALIFORNIA FISI-I AND GAME 

6. Tested the effects of sedimeiit on rates of flow through river gra\rcl 
and found that the reciuctioil i11 such rates varies inversly with the 
11article size, the smaller particles being more effective in reducillg 
velocity than the large ones. Silt aiid fine sand were very effective 
in clogging the gravel even in minor quantities. 

coiltrolled conditions. The application of sedimeat, particularly. 
the fine materials, greatly reduced the percentage survival of tlie. 
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colicotltratioli of sedi~lleilt and the scdiment particle sizes. For  a 
o.ivr11 coi~cciltration of sedilllellt the finer particles i11 the size range b 

testecl were morc effective in reclucing percolation thaa  the coarser 
]3artticles. liedi~ctiolis in survival are caused by insufficieilt snpply 
of oxygen a l ~ d  by salothering of eggs ~v i th  sedimeut. Depositio~ls 
of sediment early in the incubation of eggs can be more injurious 
to survival tjliaiz depositions close to thc hatching period. This is 
believecl to be due principally to tlie ability of alevins to improve 
or change their e~ lv i~*oi~ment  by body movenlents." 

('wml)bell (1954) 131a11t~d 100 eggs in gravel in ;L liatcliing basket in 
~ l l c  130n.iler River, O~.cgon, below a mole1 cll.edgiug operation. Allother b 100-cgg lot was pla~ztcd in a cleal- t r~bn t a ry .  Turbidity i11 the Pojtder 
]tiller ra~igeel fl-om 1,000 to 2,500 1113111. All tlie eggs in the silty river 
(lictl \\-itliltl a 6-clay periocl, \\~11ile total mortality in tlie 20-clay test 
I)('~*iod in the cleaii tribntary totaled bnt six perccnt. 

l\Tliat at  fir.st appearoil to be an csception to the \\?ell-establishecl 
~';i(.t that 1k1i.ge cl11:zntities of silt are dest~.uctive to eggs i11 gravel was 
,yll)ortecl by li'osliett (1 958). 1:otll t,hc Sl~un~al ia l  t and Machmell rivers, 
]:~.itisli Columbia, co~ltain largc runs of soclteye salilloil and yet carry 
I I O H V ~  Ioa(1~ of glacial silt. A~lill>.sis of the situation, ho~vever, revealed 
illat spa~vtling occurs during h ~ a v y  1-ai11fall ~\rliich reduces the concen- 
11.ation of silt ancl flushes out the spawliing gravels. I11 addition, the 
i'10y e ~ n e r g ~  f ro~ l l  tlie redds in tlie spriilg 13efore the glaciers begin melt- 
i11g and deposit silt. 

In recent years Cailacliail fisheries biologists a t  the Nanailllo Bio- 
logical Station, British Colunlbia, have shed inuch light on sollle of 
t hc problems of sedi~lleilt and egg survival. MTickett (1954) revie~-clecl 
tile early ~vorlr on the sitbject of the requircillents and consumption 
of oxygen by fish eggs and conducted experiments on the dissolvecl 
oxygen coilsuillptioll of c h u ~ n  salmon eggs uiicler controlled conditions. 
TIC coilclucled that  the amount of dissolved oxygen supplied to the eggs 
j11 water clepeilds upoil both tlie volullze of water flo~viag over the eggs 
i u  a g i r c ~ i  time ancl 1111011 the clissolved oxygen content of that  water. 

Wickett found lo111 dissolvecl oxygen values beneath consolidated ancl 
4iltecl grarcl  of a side channel of Nile Creel;, British Columbia. MTasli- 
itlg the stl-eailzbecl by hosing increased both clissolved oxjTge~l content 
ilild ~c loc i t y  of the water through the gravel. 

Alderclice, TVickett, and Brctt (1958) conducted further experiiileilts 
on tlie dissolved oxygen require~llellts of chum sal~iloil eggs and sho~vecl 
tliat critical levels of dissolved oxygen range froill about one par t  per 
million in the early developilzental stages to over seven parts  per illillioll 
sliortly before hatchiag. Alderdice and TVicbett (1958) experiinented 
with the effect of carboil clioxide up011 the ability of cliu~ll salilloil eggs 
to utilize dissolved oxygen and found that  as carbon dioxide coacen- 
lratioiis were increased, oxyge~i utilization by the eggs decliiied. " l tor-  
lality (of eggs) appears to be a f~ulc t ioa  of the inhibitioii of oxygen 
uptake by carbon dioxide, resulting in a deceleration of nletabolic rate 
which ultiinately is lethal if the inhibitiilg influence is prolonged." 

Presumably, carbon dioxide build-up may occur outside of the egg 
capsule ~vllen sediment deposits on the bottom of a stream reduce the 
rate of subsurface flow i11 the redd to tlie point where waste products 
of the egg are not carried away as fast  as they are being produced. .. 



CALIFORNIA FIST1 A N D  G A M E  

The Cailadiails have designed t,ools to 1neasllr.c the rate of water flu,\. 
and dissolved oxygen concentrations within the spa~vning grav(!ls 

Secliineiltatio~~ is probably one of the lnost iinport,ant factors limitilrg 

effort lllust be made to prevent, it. 

INFLUENCES OF SEDIMENT UPON BOTTOM ORGANISMS 

A tremendous ilnmber and variety of living organisms inhabit tllp 
bottoms of streams and rivers. Bact,eria, algae, protozoa, ancl ot,l~(~!. 
lower forms thrive there and are basic c o ~ l ~ p o i l ~ n t s  of the ecologic.;~] 
coinmunity. They play importallt roles in the food chains c o i i v e r t i ~ i ~  
iilorgailic nutrients to fish populations utilized by man. Quan t i t a t i~c  
studies of the effects of inorgallie sediment upon the entire stl-e;ll~i 
conlilluility were not apparent, during our review of the literat,urr. 
Most iilvestigators have directed their at,tention toward certain grou1)s 
of recognized importance. 

Ellis (1931a, p. 17) ,  reporting on investigations in  the upper Missis- 
sippi River, stated tha t :  

. . . Soil experts of the Department of Agriculture ha~re  s h o ~ ~ i i  
receiltly that  the silt, now carried by the Mississippi River greatly 
exceeds i11 volume that, which was carried by this saine river only 
a few years ago, . . . The silting-in overwhelins the bottoin faulla 
faster than it is able t.o adjust itself, with a result tha t  many species 
are  being elinliilated or greatly reduced in numbers. As a compli- 
cating factor the erosion-silt sus~~ensioii ,  which is allnost coll~cliill 
i n  na,ture, carries do~v11 with i t  ulheil settling out part ly decomposcc\ 
organic waste wrhich has readled the river through inunicipal sc-11~- 
age and other sources." 

111 a later report of the ~nussel  situation 011 the Mississippi, Tennessee, 
and Ohio rivers, Ellis (1931b, p.  10)  reported t h a t :  

"Erosion silt is destroying a large portion of the illussel popula- 
tioil i n  various streai~ls by directly sillothering the aniinals in  locali- 
ties where a thick deposit of inud is fo r~ i l ed ;  by smothering youllg 
inussels eve11 where the adults can illaiiltaiil themselves; a n d  by 
blalilreting the sewage and  other organic inaterial which i n  t u r ~  
produces an.oxygen want that  lowers the oxygen colltellt of the 
water to the detriilzeilt of those species requiring well-aerated , 7 water . . . 
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t l ~ i ~ t ,  " .  . . ~)roc lnc t . io~~ i l l  silt,ed ;11~~ws ill l'11bw t1~ib11ti11. i~~ is 't)~it, (i3 1 ~ ~ 1 ' -  

c4,(>l1t of t11:1t i l l  t.ll(: cI('i~11, ~ v l ~ i l c  siltclcl A ~ ~ l ( > r i c > ; ~ ~ i  1<ivo1+ t l * i b ~ ~ t i ~ r i ( > s  ])I-o- 
1 1  (lll('c! o111y 41 ~ w r  oeilt as i1111(!11 as  t l l ~  1111silt~(l al-ci~s. A S I I I I I I ~ ~ : I ~ J -  of 

1 ]I(! d i ~ t i ~  is p~ -c~se~ i t ed .  
'Sc>bo (1955 a~lcl 1957) reported O I I  ollr p11:lscl of t l ~ r  ~vat(~rshct1 st~~dic.s 

I)oillg (lone 011 the Co\\r(?ct.;l Esl,c~1-imc~11tal Por rs t  i l l  North Ci~rol i l l i~.  
I)l~l'i~lg :I 9-111011t.ll period, 109 ~(lni~l.(i-f!oot bottom swlilpl(~s \vel.r eollrc~trcl 
I'l.olii Sllopc C I - e ~ k ,  i~nn~cdiatel!, above ;11lc1 bclo\\l tile 111onth of i t  t10ib11- 
I;II-J.  cll-aillillg i1 logged ~ \~a t~ l . s l lo t l .  Tl;~t;l ~ ( ~ 1 . c ~  a~lal~-zc.tl statistically. D l ~ r -  
i llg ttlc lx~riocl of sallcl allel silt ;lcc.~iin~~latioli i l l  t l i ~  wffec~trd s e c t i o ~ ~ ,  tlle~-cl 
\\.;IS st;~tisticall,v s ign i f i ca~~ t  r.cd11ctio11 of  bottonl o~*gaaisms belojv the 
111o11t,ll of the logged \\ratel-shrcl. lp loot l i~~g i - c ~ ~ l ~ o ~ ~ c c l  the acc!,nmnl;~tio~~ 
of s ; t~~t l  alld silt, itll(1 fnrt.11~1. rcltluced thc bott.0111 o rga~ l i s~ l i s  in tlle siltt~cl 
; I I + ( > ; L  to 7.3 scluarc? foot, as  co1111)1-~1-(~(1 wit11 25.5 per scll~wre foot i~ t .  
i l l ( ?  nl~siltcacl sttttioll. The  bottonl f w l i ~ i i ~  ~ . ap i c l l~ ,  1-c~cov~rclc1 a f te r  tile flootl 
]l;ltl ch~]'os(?tl cleall gl"i~\.el allel i3ubbl(3. 

Sollie 13reliniillal.y figures 011 t l ~ c ~  eRclcts of it plac:clr milling ol~rl.;lti'ol~ 
0 1 1  t.11~ ])hysical, cheniical, allel biological fewtt~i-es of Seigc3l C~*rc-blt, Itlalio, 
\ \ .(b~.(h ~~ ' c~s r l l t c~c l  by Casey (1.95!)). i\ p~-c.-t l~.etlgil~g st11c1y s l ~ o ~ v c d  tll;~t 
1.11(! bottolii f!auila populat io~l  \v;~s ;lpplwxililately ecllial ill all t111~rc. 
st ~ td \ .  sections: above, ill, and  below t h t ~  i t l - c ~ i  to be c1rc.dgc.d. 'l'nrel~.c. bot- 
to111 s;zi~i]~les were talteli ill each of the three sclctio~ls. Dl.eclgil~g s tar ted 
i l l  h'lap, 1958 ; by J u l y  of the same peitr tlie stream section a t  the cll.eclge 
site a~icl for  about one-quarter mile bplow ~ v a s  com],lctely silted over 
i111cl almost devoid of aquatic organisms. Several sanlples c,ontailietl no 
ol-gi~nisms. The section abont one lrrile belo~v tllr dreclqp shonred over 
i i .  50 l ~ e r c ~ l l t  recluetion. There was no obvious or consistent eviclellce 
tllat all)- one type  of aquatic organisln was more illtolerant of siltatioii 
111ii11 a n y  other type. 

A siinilar reduct,ion of bottom fauna  was causecl by waste \vatrr 
f l.oal a gravel mashiilg ol~erat ion entei-ill: the South F o r t  Clidlalis 
River, l lTasl l i i~gtol~ (Z~ebel l ,  1.05'7). A sanlple abo1.e the gl.avPl opelSa- 
tion contailled 173 organisms per  square foot. 01ily :32 ancl 4 per  square 
foot were found in  two saillples 100 ya rds  below the clischitrge. The  32 
1.cbpresentec1 the best existing bottom coliclition ill H L L f l ~ i s h e ~ l - ~ l l t "  ])or- 
1 i o ~ ~  of the stream. A sample four  .miles do~vnstream, .~ \ r l i~ re  siltation 
\\.as less evident, showed 113 per  square foot. Iniproved coiicli t io~~s were 
foul~cl six allel one-half iliiles clon~nstream, revealing a total of I77 
fish foocl orgallisills per  square foot. 

Ziebell a n d  I<nox (1957) investigatecl the effect,s of another  g r a ~ ~ e l  
\\lashing operatio11 on aquatic life ; this time the TTTynoocIie Kiver, 
Washington. Results of bottoili saillples collected below the  grayel 
operation revealed reductions of 75 percent a t  poiilts 200 ya rds  a n d  
0.3 lniles downstream, a n d  85 percelit a t  a statioil 1 .7 miles below 
the discharge. 

Silt  f rom a gravel ~vashing  p lan t  drastically reclucecl bottolll orgiill- 
islils of Colcl Creek alicl the Truckee River, Califorliia, aceorcling to  
Cordolie a n d  Peniloyer (19.60). Reductions of over 90 percent occurred 
immediately below the  outfall, ancl a recluetioil of over 75 perceilt was 
lloted more than  tell miles downstream. 

Bachmann (1958) found a statistically s i g n i f i c a ~ ~ t  decrease in  volullle 
of bottoin f auna  ill ail Idaho  t rout  strean? receiving silt f rom logging 



clischarge point. A 1-ot,al of 434 botto~u 01-g;~llirirns j\.its found i l l  t 11(1 .. 

clear water compa r~d  to olily 32 collcc:t,c?cl fl-on1 t l ~ e  silted a l ~ a .  

t.ions of bottom oi~gailisir-ls above and belox7 gold dl-edge operatioils an I 
the Powder R,iver. D111.illg siltation, procluction of fisll-food organislns : 
dropped to almost nil in the zone of heaviest pollution. Between 15 
and 20 illiles of the river were h e a ~ ~ i l y  silted. 111 about one -year aft-cis 
t.he dreclge closed opel.ations, there was a remarkable recovery of hot- 
to111 life. Silt  was flushed fro111 the pools and riffles by freshets and 
botton~ orgail is i~~s ii~creasecl eight- to ten-folcl in weight per unit of 
bott,o~n area. 

The effects of silt from the coi~st,ructio~l of G1.anb-y Dan1 on t,lle Colo- 
rado River, Colorado, Irere reported by Eustis ancl I-Iillen (1954). Tlic?y 
observed that flows belo~r7 the clam fro111 Septeimber, 1949, to  April, 
1952, were not sufficient to dislodge and carry av7ay sedii l~eat  in tllc 
streambed. 

' Stream-bottom samples were take11 in 1949, 1950, and 1951. 
These revealed that  a illarkecl cl~ange in species of illsects presellt 
occurred as a result of the deposition and acc~~mula t i oa  of secli- 
ment. Aquatic insects, typical of the clean rubble bottoin formerljT 
existing, became n ~ u c h  less prevalelit ; sec1iment.-lovilig, b u r r o ~ v i 1 1 ~  
orgailisnls il~creased in nun~ber .  This represeilted a distinct loss i l l  

trout foods. The caddisfly larvae and nyinplls of several species of 
stoileflies and Mayflies which tended to disappear were to be pre- 
ferred, because of their greater size and their accessibility, to the 
tiny midge larvae or ' bloodworills ' which replaced them. " 
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SEDIMENT AND STREAMS 207 

i 
111 summary, we can only conclude that there is overwhelming evi- 

dence that the deposition of sediment in streams can and often has 
destroyed insect and mussel populations. Much of the available informa- 
tion has been gathered during pollution investigations and is limited 
because of the small number of samples taken. I t  would appear, how- 

I 

ever, that those who report on the problem are unanimously i11 agree- 
lllellt that it is a serious one. 

Significance of Substrate Type 

A knowledge of the ecology of stream insects is helpful in under- 
standing how silt influences production of bottom fauna. One of the 
more detailed ecological studies was made by Sprules (1947) i11 Algon- 
cyuin Park, Ontario. Certain of his coiiclusions (pages 72 and 73) are 
pertinent to an understanding of silt and bottom fauna interrelation- 
sliips : 

' The insect population [of streams] was reduced in areas 
where the bottom was scoured by a severe freshet. The reduction 
resulted from the loss of individuals which were dislodged and 
swept downstream by the current and the elimination of others 
through molar action. The effect of the freshet was mii~in~ized 
in areas where the bottom was relatively stable and composed of 
large particles which afforded shelter." 

"A variation in the number of species and number of indivicl- 
uals was found associated with different types of bottom in a 
restricted section of the stream. Rocky riffles were the most produc- 
tive, followed in order by gravel, muck, and sand bottoms. The 
diversity of the fauna found on any particular type of bottom 
was related to the variety of utilizable inicrohabitats associated 
with the bottom type. It has been suggested that the number of 
insects present in any area is related to the habitable surface area 
of bottoni particles exposed to the water. " 

"The quantitative and qualitative distribution of insects ob- 
served in streams results from the complex interaction of many 
eiiviroiimeiital factors, of which temperature, nature and config- 
uration of the bottom particles, and rate of flow are of fundamental 
importance. " 

The importance of bottoni materials to production of aquatic in- 
vertebrates is described by Smith and Moyle (1944, p 145) : 

"The most important single factor affecting the bottom fauna 
production of streams is the physical nature of the bottom. Rubble 
is the most productive type. Such a bottom is fairly stable, has 
an abundance of small interstices to provide shelter for bottom 
organizms, and presents a large surface for the growth of micro- 
scopic plants that are the basic food of most smaller aquatic ani- 
mals. Food production decreases as the particles become larger or 
smaller than rubble size and is poorest on bedrock and fine 
sand . . . Muck, being an organic soil, tends to be more fertile 
than fine-grained inorganic soils and may in some instances exceed 
the production on rubble," 



bott,olll f a~u l a .  
Sampling Problems 

Most evaluations of the effects of silt pollution on bottoi1-1 fauna ha\.? : 

c111tailed the use of the S~ i rbe r  sqnare-foot sampler as the collect it^^ 
clt.~.ice. The aclvalltages and disadvantages of this sampler haye been 
clclscribecl b~ Leol~arcl (1939), Usinger ailcl Neeclham (1954), alltl 
Needham a l ~ d  Usinger (1956). Using this tool, it was cle~nonstrated 
co~iclusively that large  lumbers of saiilples are required to provide 
significant, figures on total ilulllbers and ~veights. 

To attain such significallt figures a t  the 95 percent level of c011fi- 
dence, Needhanl and Usinger cletern~ined that  194 sanlples were re- 
quired for an estimation of total wet weight, and 73 saillples needed for 
all estimatio~i of total numbers of hottoill orgai~isms. I - I o ~ ~ e ~ e r ,  0111~~ t ~ ~ o  
or  three sanlples were neede.d, again a t  the 95 percent level of confi- 
tl~,ilce, to insure that  a t  least one illeillber of each of the conlillollest 
genera of bottom insects ~ ~ ~ o u l c l  be present,. A conlparisoli was made 
of samples talteii wit11 the Surber salllpler \vith sanlples collected aloiig- 
side in a buried tray on an illteriilitte~lt stream. I t  was found tha t  the 
Surber sampler captured about one-fourth of the total nualbers of 
organisn~s ant3 three-fourths of the different lrillds of bottoln or- 
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111 ;1 sttld). of tlic Ilopiill 12i\:c.1,, IJtalt, I l i~l( ls  i111tl Siplc'i' (I!).?!) 1,01111(1 
~ , l ] ~ t t  f,ro111 21 to 71 5 s i t~~ lp l c s  1~ec~11i 1 ~ ~ 1  1 o (1st i l l l i t  tc1 Ii l ( ' i l  I I  11  rr~iil~c!~', 
; , I l c l  fj to 1,068 ~ O I *  ~ I I ( ~ ; I I I  \.ol~nlc: of bottoii~ o l . g ; ~ ~ ~ i s l ~ ~ s  i l l  i t  schl-ic!s o f  

l . ( ~ k ~ ~ ~ ~  sc:(:t,io~~s wit11 !I5 l~e~~c:e~l t .  co~~fi( lc~~tec? of  1 ) o i 1 1 ~  1 . i~l1 t t ~ ~ o - t ~ l ~ i ~ ~ ( l s  
Oj '  t l ~ e  tinie. 

nlii~ly of tl~ct 1.es111ts of silt 11oll11t,io11 str~tlies a r e  b i ~ s c ~ l  o ~ i  ~ . c~ l i i l i \ . c~ l~  
I+(:\\. sitlill'le~ ti~kell  usually a t  i\ st,atioli i ~ b o \ ~ ~  the  silt- sol\~c!c< i ~ l i c l  il  

scll.i(,s ti\l<ell a t  p~'ogressive d0~11i~t r (~ i1 l i i  s t i~ t i011~.  Tile O I I I ) .  striclic~s I\.(. 
~ , ; l \ . o  ~ .cl~ie~vc~cl  that  \lle~.c? (.valuated stiitistic:;~lly \\-c21+c t l~ose  1.)). 1'(+1)o 
( l!)55) itlld 13ach1ii~t1il~ (1958) .  The cjllestioli arises, \ \ . l~;~t ~ ' ( b l i i l ~ i ( : ( b  C i l l l  

I)() I)lacrd on  tlle usual s~l ial l  iiuniber of bottom sainplcs titirc11 ill ;I silt. 
I ~ o l l ~ . ~ t i o ~ ~  sulS\.ey ? 

Ui\nfil~, I-litl-ris, alicl Mraltel- (1956) l , r - e s c ~ ~ t ~ c l  ii st i~tistical cl.itc!~-ioll 
for e,\laluati~ig the efficiency of tliffei.c~n t s i ~ m  p l i ~ i g  :.le\.ices cl11-re11 tl). i 11 

,Is?. Random collec.tioiis were made \\:it11 a special lo~ig-hi~llclled d i p  
S ~ I * ~ I ~ I I ~ > I -  ill ~ i ~ i ~ i ~ g i t l a l  ar(>ils, \\lit11 the El;11iii11 clreclgcl ill tllc~ l)ools, ant1 
\\,it11 tlie Surber  sanipler ill t,he riffle itlbeas. T11ree saii~l,les tro~~ti~il~chcl, 011 

1 i\\.rtnage, a t  least half R I I C ~  ill some ci\scls t \ \~o- t l l i~~t l s  of tlle sl)ec:icls 
ol)sc~~\.c~cl ill ten ~ i i l i l ~ ~ l e ~ ,  atid all average set, of fi1.c si~niples ~-ic~l(lccl 
O\.(>I* eight). pri.cc.iit of all sl)ecies obsc~1.~ecl. As llliLll>. as  10 to 15 pel.cc.,lit. 
of species I Y ( ~ I - ~  ]lot eollcc.tet1 until  ;it lrast  e ight  s ; t ~ i ~ l , l ~ s  \\.c31-c? t;il;ct~~. 
12ottonl fornis a r e  f a r  f rom randomly clistl.ibutclc1, slid tile allthoi-s 
srrggest tllat bottom t y p w  to be sampled niast be c; i r r fnl l~-  selectc~cl if a 
slnall ~ ~ u n l b e r  of s a ~ i ~ p l e s  are espc~ctctl to p~ . i~sc .~~ t  it  c.olilp1.el1c~l1siw pic:- 
trlre of tlie fauna.  

f l l l e ~ l  (1959) presenteci a clear. wl~cl valuable 21 ~ ialysis  of the fi~c.!tor.s 
ilfT(~ctil~f: the dis t r ibut io~i  of stl-e;im bottom animals i l l  S r ~ v  %~i\lillicl 
streanls. Af te r  analysis of streall1 bottoiil sal i~ples  Allell conc.ludes, "il 
much smallel. range of variation betweell samples occulSs ~vhel l  :I series 
is talcell a t  places selected by eye to be as similar as  possible . . . The  
coeficient of variation (stallclard ~ l ~ v i a t i o n  as  a p~.opo~*tioi i  of tlic 
~nea i i )  in a series of samples selectecl for  u~l iformit)-  is genc~~a l l ? -  tionllcl 
to be about 0.2, ~vliile i n  gridcled or  1-andomized series \\-ithill a f a i~ . ly  
nniforiii area it is about  0.4 to 0.5. This i i ~ c ~ ~ ~ a s e d  ~a1:i:ibility is clearly 
clue to e ~ i ~ i r o n m e n t a l  features.  " 

J t  appears  to u s  t h a t  the biologist facecl with even a n o r i i i a l . a m o ~ ~ l ~ t  
of pollntioii 1vork cal i~lot  often collect a n d  so1.1- enougli s a ~ n p l e s  to  ~nalri? 
very accurate esti~llates of the stailcliiig crops of bottoni organisms ill 
the stream. This tlocls no t  mea1i tha t  he shoulcl give u p  bottolil saiiil,li~rg! 
but ra ther  that, he probabljr will have to selrct his saml~les  fro111 a r r a s  
that ,  befo1.e t.11e pol lut iol~,  ~ v e r e  as  sinliliir as possiblr, Delptl~, \.elocit~-. 
a n d  substrate type  appear  to be the s i g n i f i c a ~ ~ t  f ea t~ l r e s .  This  was clone 
by Corclone ancl Pellnoyer (1960) on Cold Creel; a i ~ d  the  T1*tlcli(lp 
River, California, a n d  is the  method used to solue clegree b!- lilost pol- 
lutioil investigators. Randoill salnplillg has ac.1.1ie.irecl lliore respect t han  
i t  deserves i n  this situation. 

I11 selecting saml>le sites, care niust be taa1;ell. t.o select not only those 
tha t  a r e  similar, but also to  no t  lilliit sa i l l l~ l i l~g  to  the  areas 1~11ere water  
velocity is g ~ ~ e a t  enough to  pi 'evel~t seclimeilt. cleposition or  nrash i t  anra). 
once i t  lias been deposited. If this  is 11ot clone, t.he tests will millimize 
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t.lie effects of sediment,. Transect,~ a.cross simi1a.r riffles above a11cl belo,,, 
the sediment soulqce a.1-e sug-gest,ed. Sampling clevices ~ni is t  of c o ~ l l ~ ~ , ~  
be the most efTic:iellt a\:a.il;~.ble for t,lle pai.t,icula.r liabit,at, sampled. 

Importance of Bottom Organisms 

There is 110 clolibt that  subst,ant,ial cluantities of inorganic secl i i~~ei~t  
entering a flo~ving stream can seriously rcdnce the abnnclance of 
bottom-d\?rellir1g in\re~*tebi-tites; but:', ~vliat  effect cloes t l ~ i s  have on fis l l  

Trout food habit studies in stream situations 1i:tve consiste~~t,ly s I l o \ ~ ~ ,  
the dependence of t rout  011 aquat-,ic invertebl-ates, pai.ticularly ii1scc.1~. 
At  tinies teri*estriwl organ isms play a sig11ific;lrit.  sole in tlwu t diet, 1,111 
u i ~ d e r  ilor111;~1 ci~.c:~~i~~st,alic:c.s the billli of t.l~e t m n t  's cliet co~isist~s 01' 
aquatic fornis. M;~.ciolclr ant1 Neetll~a.m (1952) alrtl o t l~er  ~01.1iel.s l i ; ~ ~ ~  
established t.1ia.t t ,~*ol~t .  I'eeil 011 ac~l~wtic i~l.r?ert~brtit,es :-ear ar0~111~1, CT'CII 

dill*ing \vintei. ~ n o ~ ~ t l i s  a t  liigli elevations. 
Poor production, gl-owtlr, and conditioil of t ront  l~opulations ~ I ; I Y O  

bee11 ascribcd t,o ]>ooln food sul?]>ly by mwuy in-\~estigators, Most of 1 1 1 ~  
s t ,atenle~~ ts are of! a g e l ~ e ~ ~ ~ l  nature based 011 field esperielice ancl 1111- 

published dat,a. Lcoiit~rcl (1948), ~ v ~ - i t i n g  of coi~clitions i l l  Mich igitl~, 
st,ates, "The food supply is, niore frequently t,l~ail any other, tlie lililit- 
i l ~ g  factor in  our ~va1~ ' r s .  W e  have ulnnistaliable evidence, acquired over 
many years i ~ ~ l d  f1'0111 a niicie variety of lalres aiid streailis, tha t  ill1 

illadequate food slipply is tlie nlost common cause'of poor f i s l ~ i ~ ~ g  clu;~l- 
ity, in lakes and streams alike. " 

A nunrber of iiivestigators have substailtiatecl ill the literature cor- 
relations amol.lg fish growth, condition, and abuncl;i,l~i:e of bottonl 0 1 . -  

ganisins. Only a few are inelltioiled here. 
Ellis aiid Gowing (1957) studied bottonl fauila procluction a n d  t h o  

food habits and coefficient of co~iditioii of brolrlil trout in I-Ioughton 
Creek, Michigan. The abstract of t,liis report is as fol1011-s : 

'Field study revea.led great clifTe~*e~ices ill 1:Iie biological pro- 
ductivity of t,wo adjacent areas of a 14icIiiga11 tl-ou t stream r e s ~ i l t ~ ~ g  
froin the entrance of domestic sewage into tlie strean? between the 
two areas. M.ont1ily saillples were collected froill the two areas to 
determine the se,aso~zal cycles in  abuildaiice of bottonl fauna,  fer(1- 
iilg habits of the trout,  and coefficieilt of colzclition of t,he bro1\:11 
trout. I n  the less productive area upstream, a paucity of food ol 
aquatic origin caused a sharp decline ill conclitioil of tlie fish, a 
reduction in  the quanti ty of food per stomach, and a shift  to a diet 
containing a considerable portion of terrestria.1 organisms. I11 the 
nlore productive area downstream (which, throughout the  year, 
had a greater volume of bottom fauna than Ohe ui~productive a rea )  
t rout  maintained a significaiitly higher and 111~~11 less variable 
coefficient of condition, their stoinachs contained inore food i n  niid- 
summer and  did not show the increase i n  terrestrial foods." 

Cooper (1953) found a n  apparent  correlation between high conditiol~ 
factor aiid growtl~  of eastern brook trout i n  three Michigan streams. I n  
one stream he fouiid indications tha t  a low populatioii of bottom or- 
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,,.illlisms was a contributing factor in  slow growth of tlie t rou t .  Tem- 
P 

,,m.at,nre tk1,t.a were also corrclatetl \\,it11 gro\vtli a i d  couclition, bu t  did 
l l o t  e s p l i ~ i ~ t  tlle clif?c.~:ences ill gro\vth ~lotbcl i n  t he  one atrealn. 

13l~o\\111 j 1 !)46;) f o1111d Illat b~ .o \ \~n  t.rout cshibited all allnual cycle of 
g , .O~t , l i  c1i1~:~t.l-y l )~*o~or t . io l la l  to c~iiclitioil ~vllcn reared in  a 1a.bol.atory 
l l l l c l ~ r  C O I I S ~ . , W I ~ ~  co i ld i t i o~~s  of foot], light, ant1 temperature.  Cooper ancl 
I ;(>llsol~ (1!1%1 ) dellloilstratccl this  cycle for  brown ;nid e,asteril broolc 
1 I.O,,l-! and  J.\To~it, i111tl F ros t  (1942) also clei~ionsi:~~atecl i t  f o r  b r o ~ v n  t rout .  

I :(:11so11 ( I  954) invostigatecl th(? eastel-n b~sooli t rou t  of the Pigcoil 
I< i v c l l * !  Micll igi111, ant1 collected da ta  1~11ich sugg:.ested a. close relationsliil~ 
;1111011g 1xriotlic:ity of growth, conclition, ancl mean volume of stolilacll 
,.,,lli.c~lts. lIis work let1 him to suggclst t ha t  g1-01vt11 r a t e  depends upon 
,,,,t ~ I I I I I I I I  t e i~~ l~e ra . t , u r e s  ancl on the abunilallce of food dur ing  the pcriocl 
, , I '  optilrrni~l t e ~ ~ ~ ~ c r a t u r e s .  Allen (1940) founcl a close corrcspondencc 
] ) , h i  \\Y!(!II tllc i l l l lo~l l t  of bo t to~n  orgailisllls i n  tlie stolnach ailcl t,he ra te  a t  
\ \ . l l i , . l l  1-llc, fish is gro\ving. P o ~ ~ l e l l  (1!358), in  a comparisoll of conditions 
; , I ) ( , \ . , >  illid bc!loni a po\irer reservoir, found a correl.ation bet,nleeil the 
\, o ig I~ i .  of bottoili f a u n a  a n d  weight of brow11 t.i:out st,olnacll content~s. 

~ \ l l e i l  (1951.) found a close correlatjon between gronrth of brown t rout  
; 1 1 1 t l  ~\.oig.Jll, of food coiitent in stonlachs. I-le also found (pages 217 a n d  
21 S )  tliiit., " C'on~l~n~.isoii  bet~veen tlie zones [of the I-Torolanli stl-earn] 
slrggcsts tl1:i t tlie food s u l ~ p l y  tends to linzit tlie procluction of t rout ,  
s i~lcc ns the I1ressui.e on the foocl supply  increases the actual  clellsitj. of 
t 11c bo t t , o i~~  f auna  decreases, a n d  the proportioil of the  food drawl1 from 
i t .  and suitable for  giuo\vth also decreases." Decreases ill the  growth ra te  
01' t rou t  follo~\ring floods \liere at t r ibutable  to  destructioll of bottoln 
I:anna. 

A brief summary  of this  section call be lnacle i n  three statements. 
.l"iisst, there is abundant  evidence t h a t  del~osition of i i ~ o ~ g a n i c  sediment 
will dan1a.g.r: a n d  reduce bottom fauna .  Second, sucll recluction will in 
111any cases deleteriously affect salnlonid populat ioi~s.  Thircl, with care 
s11cl1 1 -ed~~c t ion  call be ~neasured .  These facts leacl u s  to the conclusioll 
ttlat ill\:estigation of the bottonl f a u n a  is probably one of the lnost 
s i g r ~ i f i c a ~ ~ t  approaches tha t  call be inacle i n  the detection aucl measure- 
111c.n t of sedilveiit problems. 

INFLUENCES OF SEDIMENT UPON AQUATIC PLANTS 

All ~latural-flowing waters  a r e  thought  to  contain a t  least soine algae. 
'I'llc anlounts vary  treil1endously ~ v i t h  coaclitions. Lackey (1944, p. 236) 
found enouglz blue-green ancl g r e e i ~  algae to suppor t  a large population 
of loiver allililals i n  the botto~lz of a rivulet s ix  feet  fro111 i t s  source;  
:r spr ing i n  the  side of a clay banlr. Algae is coi~iinoilly cellsidered a s  
the very basis of the food chain, a n d  there call be 110 doubt t h a t  t he  
cf't'ects of sedii11eat upoil i t  a re  of critical i~ l lpor tance  to the  ent i re  
st real11 commuiiity. 
f S e d i m e n t  is believed to destroy algae by  lllolar action, b y  simply 
covering the bottoilz of the  strean1 ~ v i t h  a blanket of sil t  o r  by  shut t ing  
of£ the light needed fo r  p l ~ o t o s y n t l ~ e s i s . ~ e  effects a r e  probably com- L liled and  tllerefore obscured. Inorganic sediment may  occasioilally ca r ry  
nutr ient  materials, which fu r the r  complicates t he  picture because these 
can be clirectly used b y  plants  provided the  turb id i ty  itself does not 
destroy them. 



Tarzwell alld (jaufjll (1'353, 1)p. 6-7) have this to say abollf, S I I ( . ) ~  

situatioiis : 
I ( Erodecl materials also cause turbidity which affects p~.otl\~(. .  

tivity ai~cl water lises. Turbiclit,y clecreases light ~ ) ~ ~ i e t r i - ~ t , i ~ ~ i  illl(l 

thereby liiuits the gl.o\vth of 1311 ytopl ankt,oil a~icl other acl11;lt ;,. 
plants wllicli a re  of outstaiidi~lg iimportailce as a basic foot1 1'0~. 
acjuatic animals a ~ ~ c l  as a l,rocl~;cer of oxygen by photos\rntl~clsis. 
The photosynthetic activity of aquatic plants plays a11 i i i ~ p o t - t ; t ~ ~ ~  
par t  ill stream rcaerat-ion and i l l  t l ~ c  ~ la tu ra l  purificatio~i ~ ~ ' o c ~ c ~ s s .  
Although turbidity pl.cvciits or  liil-iits algal gro\vt,h, it dotls 110t  

eliiiliilate tlle bactci*ial act ioi~ which breaks donrll orgaliic \vast(~s. 
Thus, turbid \vatc.rs i~nay t l - a ~ ~ s p o r t  the by-proc1uct.s of bac!to~.i;l\ 
actioil on organic ~vastc?s a11d the emuel~ts of sewage t r e a i - ~ ~ l o ~ ~ t  
plants co~isider*ablc distal~c:c?s bcfore they are utilized. T . \ T ~ ~ ~ I I  t l ) ~  
water clears clue to impou~ldinci~t  or o t l ~ e r  causes so t l ~ a t  ; \ I ( ,  

pllytoplallktoll C ' ~ L I ~  grow, tliesc~ fertilizing materials are 11tilizcvl 
a ~ l d  may ~ ,~oclnce  troublesome blooins! or taste alid oclor lorol)l(1111s 
fill' fro111 t l i ~  SOIIIY:C of I I O I I U ~ ~ O I I .  

"Soil ~vashiligs froin c~rotled areas a r c  usually infertile and ~ I I I I -  

erally reduce productivity by choltiiig or covering densel)- I ) O ~ ) I I -  

lated rubble gravel ~.iffles, ant1 covi~r i~ig  rich bottoiii d(~posits. 
TVashiligs, fro111 fertile areas, where acceleratecl erosioli is j 11st 
beginiling, or from rich ~vell-fertilized agricultural areas, ~ . ; I I - I . ~  

a great cleal of ~ iu t r i en t  materials into lakes and streams tl~itl i l l -  

crease productivity. This fertilizing effect inay be so great t11i1t 
iluisallce blooms of algae may develop each year such as tllosc~ 
that  occur in illally Towa lalres. These bloon~s become es)~ec.iilll~. 
troublesome, wlleli cloillestic se\Irage is also added to the \v:lt(81.. 

Fur ther ,  ill some areas, blooms of toxic algae are frecjuent ;111(1 
severe. ) ' 

Oiie perplexill: problenl has bee11 to determine the effects on arl~ri~l  i t .  

plailts of turbiclity caused by sedin~ent  ill streams. Corfitzeii (I!):<!)) 
stuclied the interactio~l of silt, l ight,  and plaiit g.ro\z~th. I-le iloticetl t111 

absence of algae in silt-carryinq eilnals and attrlbutecl this to lacli of  
sunligllt rather than erosive action of the silt. 

A literature searcli by Corfitzen revealed that  in  green plants tllcl 
greatest absorptioii of ligllt takes place n-hen light wave lengtll is IPS \  
than 5,000 Ai~gstroni units. Absorptioil illcreases as  wave length (10- 
creases. Green leaves also utilize light in a slnall bancl in the recl elit1 
of the spectr~ulz bet~veen 6,500 and 6,700 Angstrom ~u l i t s .  

Passiilg a light beam through a glass tube with suspencled silt resultcl(l 
ill turbidity ~neasnreiiiei~ts.  A photoelectric cell and microamnleter i ~ ~ g -  
istered the intensity. Greatest loss ill iilteilsity was due  to light absor1)- 
tioil by silt, with some additional loss by refleetioil aiid refractioil. 

I t  was fouild tha t  blue light and other colors with wave lengtlls 
shorter than 0.00004912 cn1. prolllote the growth of green plants. T11u.s~ 
any silt concentratior~ which absorbs blue light completely, absorbs all 
rays promoting plant  growth. Based on the  data  collectecl, a cur\.(' 
was coilstructed which perinitted a cleteriliii~atioiz of the a ino~ul t  of 
silt required to coml~letelg destroy all green plant  g ro~v th  a t  an37 give11 
depth. 
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ic;llis (1!):3(i) 111aclr o\.clln 5,000 tletc~1*1ni11;~tio11s of u~ittc:~. (:i~rl*)'illg ero- 
s i ~ ) l l  silt*! i l l l ( '1  f~) l l l ld  tililt tll(? ]?Pll(?t ,ri t t , i~~~ of ligllt, illto ~ I I ~ ~ I I C ~  S ~ I T ~ ~ I I S  

l l t l  ~.i\.el.s \\?:is be i~ lg  reduce,(l a t  ;\.l:il*nli~lg 1,;it.e. 
]')I i I I I I ( ' ) -  ( I ! I > ! ) )  ('x]?IOI'('(I t.\!'O ~( '11(?1 ' i I , I  ~i.,iLt.( '~ll~lIt,~ O£tc?ll l I ~ c ( l  tO (I(J- 

sl.I.il)c! t l ~ o  ~-c>l;~tio~rsl~il)  bct1vec.11 t ~ ~ r b i t l i t , y  a l ~ t l  seclilnellt to p11otosy11- 
tllc~sis. li'il9st-tliat i1s t~11.bidit). il~cl.eases, tllc ra te  of ~ ~ l ~ o t o s y n t . l ~ e s i s  
tl,~c.~-oi~scJs. S(h(:olltl-tIii~t, s e c ~ i ~ r ~ c ~ l ~ t i ~ t i o l ~  \\rill 1-cltl~~cc? th(: ] , l~otos).~~t.l~c~tit .  
r . i ~ t , !  of i~(lrli~t,ic plill~ts, brcansc? t1i(? s c ~ t l i i l ~ e ~ ~ t  acts a s  a ~II \ -s ical  barr ier  
I ~ l ~ l b \ v o ~ ~  t i11g tho fluc~c, ( ' ~ ( : i l i ~  11ge of' giLs(?s llcJc:ess;L1*y for  t l ~ e i r  s l~rv iva l .  
I ) J I ~ I I I I ( * ! ~  p o i l ~ t ~ d  o~i t .  t l ~ i ~ t ,  ~ v l ~ i l e  these! g e ~ ~ e r a l i z ; ~ t i o ~ ~ s  \\rcl~*c t rue ,  t l ~ e j -  
( 1 0  11ot 11il11.? i~iucll ill solviiig oui. pr*oblc?nis. Most res(?i~rcli being clone 
, , I ,  tllc sltbject will i.c~sl11t. ill tile sallic? g(:nerill conclusio~ls, u~l less  biolo- 
arists iLl'(? careflll to collt,T'Ol iilltl IIIPHSllre all the filct,ors tha t  affect the 
P 

I . ) l~o tosy~~ t l~e t i ' c  process. 
I )nr i l~g  e c s l ~ e ~ ~ i r n e ~ ~ t a l  worlr 011 pl~otosj~~~t . I~c~sis- t ,empe~~il ture ,  carb011 

I l iositle c o ~ l c r ~ ~ t i - a t i o ~ ~ ?  ant1 otllc~l- f i~c to r s  111nst be cont~*ollecl or  calsc.fnlly 
I I I ( ~ ; I S I I I ~ ( J ( ~ .  rl'l~(? I ~ ~ ( - ~ ~ S I I ~ ( ~ I I I ( ? I I ~ .  of l igl~t ,  l*e>acllir~g tll(2 p1a11t c l i l o r o ~ ~ l ~ y l l  is 
i 1 1  i f  solf w rc-'l-)- tlifYic*ult 1)roblenl I)ecirllsc~ of t l ~ r  scattering aild dif 'f l lsio~~ 
0 1 '  I I I ( >  l ig l~t .  \vavcas a f te r  tllPj7 ollce e11te1. tlle \\:att31-. P l ~ i ~ ~ l i e ~ .  was critical 
0 1 '  the ~nc~ thods  I I ~ W  i l l  us(.. 1-le maclc! a. ])lea for soul~cl i~eseit~-ch tha t  ~ v i l l  
t l (~ i (11 ' i11 i11c?  ~ ~ o t  j11st that. turbiclit,). clc-tcreases pllotosy~ithetic rat(? but  
l'iltlI('l' th(3 ~ l l (~ ( ! . I i i~ l~ i ( ! s  of 11e)\v, I V I I ~ ,  to  11~11at degree, H I I ~  u~icler  \\r11at 
c.i~+c.~~~iisti i~~c.cs this I ~ a . l ? p e ~ ~ s .  I-Ie st.at,etl tha.t 1-esearcli 0 1 1  the problem 
I I I I I S ~ .  c.ollsic1e1. (1) the nletiibolic st.a.t.us of the p o p u l a t i o ~ ~  (procluc- 
1 i o l l  ant1 11sc. of C 0 2  a l ~ d  (Is) ,  ( 2 )  the light, t r a~ l smi t , t i l~g  clualities of 
11111 n~ecliuni, ancl (3) tl~c? c11ari1cte1-istics of the suspellsoicls aiicl the 
r~o lo~~-co~~ t ro l l i l i g  light translnissio~l.  

I 1  l l ~ e  c .o~nples~t , j -  of ~neasnri l lg  the effects of turbidi ty  on aquatic 
1)1a11ts should liot discourage the biologist investigating the probleals, 
for  often effects a re  very dramatic .  Corc lo~~e  a n d  l'e~iiloj-er (1960) 
fo1111d tha t  all abuilcla~lt popnl:~t.io~l of algal l~acls of the genus ATostoc 
\VHS v i r t , l~al ly  clestroyed by se,cli~oeilt dischargecl into the  Trucliee 1iivc.r. 
Cal iforilia. 

Storms usually ii~e:l.~ase t.he t ~ ~ r b i c l i t ~ ~ r  of s t ~ ~ e a m s ,  ancl 111~11's activi- 
ties illcrease ailcl prolong the periocl ~ v h e ~ i  l ight peiletratioil is lesseliccl. 
'l'h(1 c luest io~~ of the effects of relatively sliort periods of tu rb id i ty  lieecls 
ll~rlcli s tudy.  Short-term discharges o.f sediillc~lt may  do 1it.tle 1-isible 
tla111ag.e to fishes, bottom fauna,  or  fish eggs, b u t  niay i i i terrupt  the 
entire biological com])les through effects on algae. 

INFLUENCES OF SEDIMENT UPON CHEMICAL AND 
PHYSICAL CHARACTERISTICS 

Ellis (1936) outli~iecl th? i l n p o r t a ~ ~ t  \vays ill ur11i~h sediiileilt aft'ects 
the cliemical alicl pllysical cl~al-acteristics of the envi ro i~ment .  I l e  cle- 
wribed changes ill tu rb id i ty  a ~ ? d  l ight  penetration i n  a iiuliiber of 
streams n711ert. silt load had  increased a s  a reslllt of erosiol~.  111  aclditiol~ 
he fouiicl tha t  rates of heat transmission ancl lieat racliation i n  v7aters 
carrying el-osion silt were esscntiallp the sanle a s  those for  distilled 
water I V I I ~ I I  the samples were c o n s t a ~ ~ t l y  agitated. If the salilples were 
undisturbecl, the stratification of silt interfered 116th heat trailslllissio~l 
ancl procl11c4ecl a skew lag  ill the  ~ ~ ~ i t r m i n g  aallcl cooling curves. Regard ing  
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changes in cheniistry, Ellis found, through chemical cletern~inations, 
that erosioil silt does not 11iatcrir211;~' alter the salt coinples or the :iinoul~t 
of electrolytes iii river waters. He  fonnd that  tlie specific condnctancc 
of liver water fell after heavy rains despite ereat  incrcus~s  ill ihc cro- 
sion silt load. Afeasurements in the ~l iss iss ippi  River clemonstratecl 
that available nlineral salts, light pelletratioil, ailcl plalilit~ll were all 
be educed after rains or hiyll water. 

Ellis found that organic particles aild other substances in tlie rivcll- 
are carried to the bottom as  silt settles out. Often these substances a ~ ~ t l  
inconlpletely decomposed, so that  l a r ~ e  cleinailds are niacle oil tlle dis- 
solved oxygen coiice~ltration of tlic river and ilosious coi~~ponncls alee 
formed in these mucl cleposits. Fielcl i~i\,estigatioiis were verified ~vitll 
laboratory experiments that also cleinonsti-ated that  disturbances in ],IT 
and carbonate balances were also s ~ ~ s t a i i ~ e d  o m r  a ilzuch longer periocl 
when organic nlaterial was carriecl clo\irn by erosioil silt than ~ v h e ~ l  
deposited with sand. 

Our r e ~ ~ i e ~ + ~  has tul-necl up  110 worlr on the subject as estensive as that 
clone by Ellis. Several aut11ol.s Iiave 1.eportec1 briefly 011 teml>~~.atui~cs .  
dissolved oxygen, and ]>I3 cluring sediinent pollntion i i~~~est igat ions .  

Ziebell and ICnox (1957) fonnd 110 differences bctn-een dissolvetl 
osygen and p H  valucs above ancl below a source of siltation froin ;I 

"%ravel washing plant. Casey (1959) also found 110 c l i a ~ ~ g e  i11 clissolvct l 
oxygen and p H  be lo^ an  active placer dreclgiiig operation in  Idaho, 
but did find that  water te~llperatures below the clredgecl area \\;ere onti 
to two degrees higher tllail in the clear water above the clreclge. A 111u11- 
ber of other silt pollution studies inch~decl m e a ~ n ~ e n i e n t s  of clissolvotl 
owgen,  and p H  above and below a silt cliscl~arge. None showed sig- 
iilficailt changes. 

When organic materials enter the stream along ~v i t h  silt, such as is 
the case xvitll logging clebris, then cllanges in  water chemistry, particu- 
larly reduced dissoh~ecl oxygen, can be expectecl. This llas beell recoi-cletl 
on nun~erous occasions cluring fielcl iilvestigatioils of logging pollntion 
in the north-coastal conllties of Califorilia. 

The combinatioil of silt and organic matter in a streall1 seriously co1-11- 
plicates normal aeration processes as pointed out by D~u lham (1958 ) .  
Following field observations on Indian Creek, California, plus a revie\\ 
of Plielps (1944), he outlined the l)roblem as follows: 

"Occasionally in turbid s t rean~s  there is another very subtle 
factor called beiithal decon~position which helps to significantly 
reduce the amount of dissolved oxygen a t  a critical t,inle in thc  
spriilg and sunimer months. If large amounts of organic nlaterial 
are brought into a stream during the runoff period, some portion 
of this material will be deposited in the bottoni of pools and  other 
areas of low velocity. During other periods of tlie year a pa r t  of 
the nornlal pollutional load carried by a stream will settle out ailcl 
be deposited on the stream bottom. If  these settlecl illaterials are  
acc~mula ted  in relat,ively large anzount,s they are  recogilized as  
sludge beds. If  the stream coiitii-~ues to carry silt, i t  will also be 

. deposited in these areas of low velocity and cover the organic 
material previously deposited foriiiing a beiithal deposit. This 
organic inaterial ~v i l l  decom~ose slowlv by a n  anaerobic ilrocess- 
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There call be little doubt that numerous fisheries have beell destroyed 
by erosion and sediment depositioil during the periods of rapid develop- 
ment of this country and others. Unfortunately, only a few cases have 
been analyzed by fisheries workers. 
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process ~vill decoinpose farther in the presence of oxygen and 
actually use dissolved oxygen in the water. As the spring tenipera- 
tures rise and the flow decreases, the organic material under the 
silt and sand begins to deconlpose at  an increased rate. The encl 
products of this decompositio~l, s~ich as hydrogen sulphide, am- 
nlo~lia, iron, ilietliaile gas, citrb011 dioxide, and hydrogen, are sol- 
~tble in water and gradually diflilse upward through the overlying 
silt aiicl sancl. 

"At the surface of this bottonl mud, the bacteria living in the 
water utilize these illaterials in an aerobic process which takes 
oxygen froin tlie stream. This oxygen demalld oil the stream maj7 
be present over a long sectioil of streanl. I t  conics a t  a critical time 
1v1ie1l teinperatures i~lay be liigli, streaiil flows low, and when the 
stream is carrying an existing pollutional load 1vhic11 also de- 
maiicls oxygen. If tlie streain has a pooln ability to recover froiii low 
dissolved osygeil conditions, benthal clecomposition will make the 
situatioii even worse because i t  usually extends over an appreciable 
length of stream. 

"Decoinpositioii of belitha1 deposits has its greatest effect on the 
streain in a limited zone at  the surface of the bottoni materials. 
This zoiie will have the greatest coi~centratioii of substaiices such 
as hjrdrogeu sulphide, ammonia, and carbon dioxide which are 
harmful to many organisms, and it will have the lowest coilcell- 
tratioii of dissolved oxygen. The presence of decoilzposiilg beiithal 
deposits may be a liniiting factor in solne areas which could other- 
wise produce important food organisms. Coilsider even a riffle 
where anaerobic deconiposition is taliilig place under and arouild 
the rocks, and suppose the stream has aear-critical dissolved oxy- 
gel1 levels at  times. The fnrtller deconipositioiz of the materials 
resulting froin anaerobic decompositio~i niay take enough oxygen 
froill the nlicro-habitat under and arouild rocks to be a significant 
factor linlitiilg the distributioii of aquatic organisills in certain 
instances. " 

The recent use of rivers to discharge atoinic wastes places the prob- 
lclnz in a somewhat different and even more serious light. Lackey, 
Norgall, and Hart (1959) reported on a series of experinients testing 
the ability of sediment of different sizes to settle blooins of GoLc~dci&.z 
and Ez~ylena and to absorb and settle out radioactive substances. Sand, 
~nuck, ailcl clay all were quite effective in settliilg the plankton. 

In a stream polluted with atoinic wastes, micro-orgaaisms generally 
collceiitrate radioactive ~vaste and they, being eaten by higher animals, 
transfer it along the food chain perhaps to man. The experiments 
denlolistrated that the sediment itself absorbed radioactive ions and 
settled out. 

INFLUENCES O F  SEDIMENT UPON FlSH HABITAT 
AND FISH POPULATIONS 



sl-ttrcl, gl.a~c.ls, bonl(lel.s, beclrocl;, i ~ i l ~ l  I ~ ~ L I c ~ ; ,  petit, a~icl ot,h(?rS orgallic 
(lebris. The amount of clayey silt of stream and lake bottoills I Y ; L ~  

"St,udies ~niitle sillce 3 925 have p1*017ed that  siiice tllen, if  lot, 
before, soil suspe~lcled i l l  water has been the ~llost  uiliversal pol- 

TVolf (1950) blalnes erosioll ancl sediil~ellt deposition for. the disap- + 

pearaizce of the At1ant.i~ salmon f1.0111 Inany of its haunts around Lnl;ct 
Ontario. Eschmeyer (1954) me~itioi~ecl the Whitewater River drain- 
age in n/lianesota, wrhe1.e by 1941 the original 150 miles of good trout 
streail1 nrere reduced to 60 illiles by erosion. 

Sedinleilt proble~lls in Califorilia rivers received soille attention dur-  
ing the days of int,eilse I~yclraulic illiiliilg for gold (1850-1900). Sedi- 
illeilt loads  ere so heavy that  farill lands in  the Sacramellto Valley 
were covered with soil ailcl sand washed illto the American and Puba  
rivers. Icing salillo~l runs Ifrere a t  least temporarily destroyed and man;\. 
~lliles of streams rendered unfit for  trout (Sumner and Smith, 1939). 

Sumner and Smith seined in the muddy sections of two tributaries of 
Yuba River, California, taking. no trout nrhatsoever. Turbidity was 
attributed to the nrashii~gs of pulverized ore from hard-rock gold mines. 
I n  one strean1 there was the possibility of toxicity from a cyanide 
flotatiou process. 111 a streail1 where n~uddiness occurred only oilce a 
week ailcl lastecl but a few hours, trout could still be founcl. The authors 
concluded, ". . . this survey, as well as other observations, shows con- 
c1usivel:~~that - \ rer~7 heavy coi~tinnous silting will greatly recluce, if not: 
completely elimi~late, sal~uoil or t rou t :  I n  the Puba  %ver a t  Wash- 
ington, to cite one good case, a pool was seen c~ l l lp le te~y  fi1le.d in  with 
fine silt so that there was 110 place for a fish to hide. When this happens 
to long stretches of stream, game fish will be driven out. Shelter is just 
as important as food.' '  

Dredging and ~lliiiilig colltiilue ill the west and have been the subject 
of considerable investigatioii. Campbell (1953) described fish popula- 
tion studies on the Powder River, Oregon, ill relation to siltation from 
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~olc l  ( l~*(- ' ( lg(~~-.  Sa1111)les ~ ~ ( l l . ( ~  c~ollcc.tc~1 with a11 rlcctroshoc.lre~* ( l l i~* i l~g  :I , 
i l l l ( l  f011o\vi11g (~ss sa t io~ i  of ~lr(~(lgi11g. Althoilg11 da t a  u1(3re ]lot gi11e11, t l i ~  
l . , ~ l ~ ) l . t  stittchs that  sport  fish (lid c1sist 1,rior to ol)ei*atiol~s in  the siltetl 
z O l l ~ l .  " Rcksr~lts of fish l)oprilatiol~ s t ~ ~ t l i c s  i l l  t h ~  variolis Z O I ~ ( ~ S  of l)o1111- 
1 i 0 ~ 1  i l l  I ' O \ \ ~ ( ~ ( J I .  l<ivchl- ill(li(4at(vl i I  cd~l~ll)l(- ' te i \ l t (b l ' i~ t i~) l~  of t h ~  p ~ j ) l l l i ~ t i ~ ~ ~  

spol-t fisli 1 1-?1i111)o\v t r o r ~ t  i111(1 \ \~l~i t (~fis l i  1 abov(~  all 111ajor s o l i ~ ~ * ( +  
( , I '  [)ol111 t io11 to i+o11gl1 fish I sc(lla~\.fi\h, s~tcdl;r~-s, otc.. I i l l  tlie zollc1 of ~ ) o l l ~ i -  
l i c , l l  i111tl ~ - o ( ~ o ~ ~ ( > ~ ' y .  Althongli thc tlcsir.ablr fish-foot1 o rga l~ i s~ i i s  grac1uall)- 
1 , ~ ~ ~ ~ ~ + ~ ~ ( ~ ( 1  i ~ l ~ ( l  (~o~ i ( l i t i o l~s  a t  North I'o\vtlrr ~ ~ ~ c l r c ~  satisfitc:tory for  sport 
ji,11 thc  t i ~ i ~ c  of the S I ~ ~ \ ~ ( J Y ,  r01ig11 fish l)(arsiste~l. It is probilbl(3 that  
1 1 1 1 ( 1 ( ~ ~ ~  c o ~ ~ ( l i t i o ~ ~ s  of g re i~ t e r  ~tr('i~111 flow, the eff'ects of the  dreclge ~ r a s t e s  
I\ i I  t 1w1-sist fa r ther  cIo\vllstrc.;in~. " l1I1c. siltetl arwt nras finally rotelio~ietl 
1 0  ~.oniovc~ 1.ong11 fish alid tIi~11 l)Iallte(l \+'it11 t rout .  Creel census indicates 
1 ]lilt i1 spolSt fishery \\ras successfully ~ ' (~(>st i tbl i~l i (~(l  (Wils011, 1957) . 

,4cdc~orclil1g to Casry (1  95!)), tlir fish ~)o l>nla t io~i  of Seigc-'] Creek, 
I i l i ~ l ~ o ,  l ~ . i o i .  to opc~-i~t iol l  of i l  plac+rr d~.rdg:.c, M ~ ~ L S  i l l )proxi~ni~tely t h ~  

< ; l l l l i i  i l l  s0ctio115 a b o ~ r ~ ,  b (~ lo \~ , ,  it11(1 \ v i t l ~ i l ~  t l i (~  i21aea to be dredged. Fislie5 
1,1~cn<i111t I \ ~ P I * P  sv11Ipi11, clt~v(~, 111o1111tail1 q~~v l ;~ i . s ,  111oul1tai11 \vhitefisli, a1ic1 
c . 1 1 1  1 1 1  l 'oi~t, ~ ' i i i ~ ~ b o \ v ,  i\ 11d ( J i ~ ~ t ~ l ' ~ ~  1)1*001; tr'orlt. l ' op~~la t io l i  studies ~naclc 
; I I  1 1 1 0  ell(l of aborlt two 1no11tl15 of opcratiotl sho~vetl  110 fish in tlir 
c l  l.c~tlgod sectioli a11c1 ii c l o ~ ~ ~ i n a ~ ~ t  ~aough fish populittiol~ " belo\v. " Sp(~cie5 
cdcr~l~l)ositioli above t h r  s i l t c~ l  a ~ - o a  rc.i~iail~ed a b o ~ l t  the smile. 

Stli(1i~s bj- T I a ( ~ l i ~ ~ i i i ~ i ~ ~  (1958) s I io~~e(1  110 ( ' h ~ ~ i g e s  ill ti-out 1~01~111atio1is 
i l l  ;I siltctl sclc.tio11 of 11oi't1io1-11 I(1;~lio trout sti-c~a111. Dir-ect disturballcc 
01' t lit. s t ~ ~ r a ~ l ~  was 11ot grcAat, I i owc \~o~ ,  alltl c:illrcA f I-OII I  i ~ i s t a l l a t i o~ i  of 
c~~il \ .e~. ts  irt I ' O ~ L C ~  crossi~igs, 1*ecl1aii1ieliz;~tio11 of 1,000 f'eet of streani,  a11t1 
~ O I I I ( ~  log sl<iddilig ill the strcannbecl. Saml~l i l ig  clifficnlties prevei1tecl 
i~c.c#lirate compal.iso~is. 

TVustenberg (1954) reported tha t  cut throat  t rou t  populations were 
r*lil i~i~~atccl from t l ~ r e e  s ~ n a l l  s t r ? a ~ n s  cl-ossed by t ractor  logging. The 
I I I ~ I ~ O I '  SOIII~CC, of silt was believed due  to  roacl building ra ther  t han  tlie 
itc.tl~al logged areas. A fu r the r  11ote on the s tatus  of these t rou t  popula- 
f i o l ~ s  appeared in  the A1111ual Report for  3954 of the Oregon Sta te  
( ~ ~ I I I I C  Coi~imissio~i (1955, p. 216) : 

" A  t r ibu tary  s t ream, pl-eviously reported a s  being one i n  ~vh ich  
'cat  logging' eliilzi~iated tlie t rou t  population, was foulld to  agaiii 
possess fish ill tlie area \\~liicli was barrel1 a year  earlier.  Such a 
f i nd i l~g  suggests tha t  l~ract ices  prese~i t ly  regarclecl a s  estreliie1:- 
clestrnctire may  be inore te~i iporary  than  heretofore suspected." 

Seamaus (1959, p. 21) reports t ha t  the 1o1vc.r sectioii of t he  Saco River 
i l l  New Hainpshire supported one of the  three best large brook t rout  
fishcries shortly a f te r  the t u r n  of the century.  H i s  obser\ratioiis suggest 
f l ~ i ~ t  the clecliile ~ i i a y  ~vel l  have bee11 the result  of sedi~llentation. The 
I)ottom of the strealii is ~ l o ~ v  sh i f t i~ ig  sand which has reduced shelter to 
;I ~ninimulu.  

Dur ing  the winter of 1957, finely ~ o u ~ i d  rock waste froill a iiiolyb- 
(1enum m i ~ ~ e  polluted Moore Creek 111 California. Salnpl ing with ail 
(~lectric slioclrer rc-'vealed a. healthy p o l ~ u l a t i o l ~  of ~ l a t i v e  r a inbo~v  t rout  
~tbove the ~~o l lu t io l l ,  bu t  only three pale-colored, e~nac ia ted  fingerlings 
\i7rrc caught with equal effort in  the pollutecl sectio~l.  
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affected by sediment. 

d i~t r ibut~ion of l>la~itecl A.I:li~lltic sa.11non f r y  i l l  Duffill Creek, a tribntalsy 
of I~alte 01ltaa.io. Fisll l,opnla,tioils in 1.9 e~pe l - i n l~ l l t a l  sect.ions \\.(ll.,, 

assessed by ilsc of the "otle-1na.11" hand seine. 

Bottoil~ sedimentatioi~ \\'as I I I P R S I I I ' ~ ~  by means of small glass i l o l l ( b i d -  

tors placed in riffle areas under standard concliticns for t ~ v o  ~veelts at: ;I 

time. Material collected n7;1.s i~ i l : - ( l r i~~ l  for 04 hours a t  100 clegrccs ( ' .  

a.nd the11 measured. A detailed esplanatioll of mechanisi~~s of seclimc~ I -  

t,ation versus fish was l?i*ese~lted (pages 306 and 398) : 

" I t  has been s11ow11 in a p~.cvio~ls section that  the slieltel: off!cl.otl 
by shallo~r gravelly ~-ifflle areas -\ilas thc only satisfactory habitat 1'01. 
t,he high survival of pla.ntecl f r y  i l l  all st,reams. I n  the genc~-i~l  
description of the rela t,ive extent of seclimentat~ion over tlie s ~ I * ( ~ ; I  111  

system, the cri t ,c~ion employcd \vas the degree to nrhich tllcscl 
gravelly riffle areas hacl become sedimentecl. Areas typed as ' ' 1 I I I -  

sedimented ' ' nrel*e those in  11~1zich the spa.ces aroullcl the gravel i~11(1 

rubble were not filled in by sediment ancl hence offered the slieltcl. 
required by the 11lanted f ry .  The degi:ee of bottoill seclinie~ltatio~~ 
played an  important pa r t  in  inflnenclng the survival and c l i s t ~ * i l ~ ~ ~ -  
tion of the planted salmon. 

"As t,he amot~nt  of seclimei~tation of the strean1 bottoill incrcaso(1 
froill the ' unsecliment,ed ' to 'heavily seclimented ' conclition, 1 I ) ( ?  
apertures and spaces around the gravel, rubble and other irrcg-11- 
larities even in  tlie riffle areas becaine filled ~vitll  seclinle~lt, u ~ l t  il 
the protective cover offered to the snlall frys becaine low, res~ l l t i l~g  
ill a high salnlorl mortalit,y. Thus the ainount of sedimentation i l l  

the riffle areas largely detern~ined the survival of salilloil over the 
stream systenz. 

"It was ~11015711 that  the survival of the snlall f r y  ill the pools was 
low, largely because tlle absence of suitable shelter for  the ~ T o ~ ~ l ~ ~  
salmoil resulted in  predation by certain species of fish. This laclr ( ) I '  
shelter was directly caused by the depositioll of sediment ill the 
pools sufficiently great to cover generally the gravel ancl rubbl(', 
and fill in the spaces al-ound stones, boulders, logs ancl the lilte, t o  
an  extent that  they could not be utilized by the f ry .  

"From these observatio~ls on the correlation of the degree of 
bottom sedi~nentation i n  the gravelly riffle areas wit11 the percentage 
survival of underyearling salmon, it may be concluded that  the 
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cRect of seclimentat,ion 1vas to c1est.roy tlie shelter offerecl by 
tlic riffle areas \vhich was ~leedecl for the st~rvival  of the sa l~non f 1.3: 
(ltirii~g a ~ i d  f ' o l l o ~ v i i ~ ~  pl:~~it,itrg. Sc>(lii~ietit,a~,t,iol~ it1 t l ie  l ~ ( . ) l s  ~ - e s ~ ~ l t , ( ~ l  
i l l  a lo~\r siii.vi\lal ot f ry  evoll it1 s t ~ * c a ~ n  scc.t,io~ls \\lllc~,e tlre i*iffltt 
areas 1vel.e f rec of s c t l i l ~ i e ~ ~  t r211d l)tso\rid(d cscellcll t. l ~ a b i t i ~ t .  l!ota 
young sa1111o11. 
,,g ,- lnce the s i i ~ * v i ~ ~ x l  st,nd ic~s s l ~ o \ \ ~  that,  olice t.he s a l ~ n o ~ l  1301~11l;r - 

tioil had becol~o cstilblislletl i l l  the st,lae;~~ll i1.s f i l - j '  ancl i ~ ~ ~ c l e t - y c i ~ . ~ - -  
1 itigs, further  slloi'ti.~lity until  tlic follo\villg- autu111il as yearlisigs 
\\-;is \rel.y low, i t  ~~wi i l t l  seen1 t l ~ t t  bottonl sediiiientatio~l clicl ]lot, 
t:ause any appl-eciable nlort.alit,y of the larger s a l ~ n o ~ l .  I-Io~vevel*, 
tlie jnabilit,y of   no st ofi the tl.ibutt11.y st,~:eani scxt,ions with 11igl1 
li~lclcryearlii~g snr\riv;\ls to s1ippo1.t t.,lie salne nnnlber of sall~loil in  
t.beir pools as yearling fish I I . I N ~ ~  be (ztt,~.ib~~tecl largely to seclinle~lt;~- 
t,ioil. ' ' 

01tr  OWXI obserratio~is in  Califorilia lead ns to bclie~re tha t  shelter 
I I I , ~ J  bc the factor limiting t l ~ e  11uinbe~.s of tlSout gro~ving to catchable 
xizcb in many small streams. Eveti tlioligll fihi~~l(lilllt f i l~c"e~- l i~~gs  are pro- C 
tll~cccl and  riffle areas arc liept clea~l  by curre11 t veloc~ty, secliillellt de- 
posited in  pools ailcl runs  fills i l l  tlie sl>ac.cs bctwecn boulders ancl 
~.r~bble, reducing shelter for trout to a m i i i i ~ i l ~ l ~ n .  Kstcllsi\,e esperience 
i l l  sa~llpliilg small trout streall~s on tlie ~vcs t  slope of the Sierra Ne~.ada  
l ( ~ ~ d s  us to generalize that,  all o t l~e r  t11i11~s bcilig eclual, streams ~vit l i  
c~lctiii rubble bottollls have largc t rout  1,opnlatiotls ailel streains \\lit11 
1)ottoms co~ltai~liilg I I ~ U C I ~  s a ~ i d  or C ~ C C O I I ~ ~ J O S ~ C ~  gt'ailitc coilfaill I'CI~CL' 
(.;it cliable-sized fish. 

SEDIMENT STANDARDS 

A11 important tool in  the pollution coiltrol programs of recent years 
I~its been the setting of "stanclards" of water clnwlity of strealns a i ~ t l  
isi\rel-s receiving waste discharges. O b ~ i o ~ ~ s l y  scdi~lie~zt cliscllarge is 1101- 
1iltjo11. It is deleterious ailcl usually cai~sed by the activities of illail. 

Scdillleilt staiidarcls are difficult to set and woulcl be i i~eai~ii igful  ollly 
i f  bilsed upoil thorough studies tha t  allow accurate l~rcclictioii of sccli- 
~ ~ l l ~ ~ i t a t i o n  rates, turbidities, ancl subsecluc~nt bjological eeects. Cooper 
(1056) appears to have cloile this on the  IXorsefly River i n  British 
('olu~nbia. 

li'ollowing a very thorough analysis of 1,ossible silt pollution froin a 
1,lacer miniiig operation, he arrived a t  the fo1101~7i11g recomine11c1atio1l.s 
for l~rotection of sockeye spa\v11111g ill the  IIorseAy River, 13ritisl1 
(hlumbia : 

1. No placer mining operatiolls be permitted ill the stream bed or in 
any tributary stream beds. 

2. No placer ~lliiiiilg operatioils be permit,tecl adjaceilt to t.he river 01: 

ally of its tributaries ~ v i t h o ~ t  l~rovisioil of settling basills to clarify 
all sediillent-carrying waters by seclillzeiltatioll and, if necessary, 
by filtration. 

3. All suspeilded sediment i n  the effluent froill such basilis should be 
less than 0.1 mm. ill diameter, and during tlie period J u l y  1 to 
April 1, the t'urbidity of the effluent should be less than 25 ppnl. 



4. Ally settled inatc-trjals rell~oved fro111 the poilds during periodic 
clean-outs must be disposed of 011 laiid where they cannot be 
washed illto the river or its t,ributaries. 

Ellis (1937) s~~ggestccl t,hat if co~ltlitiolis even approxiinatilig those 
when erosioii was checkr?cl by forrsb a ~ l t l  grassland are to be rest'orrtl, 
( (  . . . the silt load of these? st.rc.anis slio111d be reduced so thitt tlic? mil- 
lionth i i ~ t ~ n s i t j r  levpl ~vonlcl 11ot be less than 5 meters, . . ." Tlle 
lllillioiltll intensity level is t,he depth a t  which light. is reclnccxl to on,! 
~lli,llioiith of its inteilsity a t  the sltrface. 

Ellis (1944) restated this col~victioli and added to it, in all c?fl'ort to  
prevent direct damage to the gills and delicate exposed strllcture of 
fishes, lnollusks, and illsects : 

"From the standpoilit of acluatic life therefore all particulate 
iilatter introduced by nlan of it hardness of one or greater shonld 
be so finely pulvc.rized that  it would pass through.  a 1,000 mesh 
screen, and should be so diluted that  the resultant turbidity wonld 
not reduce the i ~ i i l l i o ~ ~ t h  i ~ ~ t e i l s i t y  Iev(~1 to less than 5 meters. The 
cluantity should be colitrolled so that  the stream could carry t l l ~  
p o ~ r d e r  away ~vithout  blaliketing the botton~ to the depth of more 
than one quarter of an inch." 

Tarzwell (1957) felt  tha t  i t  \vas not ~ o s s i b l e  to establish nu~l~clrici~l 
criteria for settleable solids which are applicable over wide areas. TIC 
inaintaiiied that  the a lnou~l t  of dainage done will vary with the c11a1.- 
acter of the stream aiid its substrate. I-Ie felt  tha t  criteria should hc 
established to protect, environmental conditions but they will vary fro111 
stream to stream, depending on local conditions. He  cliscussed so111c 
tentative criteria based on measures of light pei~etrat ion (page 253) : 

"Turbiditjr standards iilust be somewhat local i11 their applici1- 
tion as they will depend on the area and type of stream. I t  is 
possible to set n p  relativeljr siinple turbidity standards which call 
be readily checlted for compliance by field tests. Turbidity stantl- 
ards might state tha t  a certain percentage of the incident ligl~t 
a t  the surface shall reach a stated depth between 11 :00 A.M. alltl 
1. :00 P.M. The depth selected would depend on the depth to \vhic.h 
the regulatory agency felt the photosynthetic zone should exte~itl. 
Different types of water differ in  their ca.pacities to absorb light. 
Water  transparency is affected by the snspended matter,  includillg 
the planlrton, and by stain or color. 111 water of the clarity of U S U ; . ~ ~  

municipal supplies, 9.5 percent of the solar energy present a t  tile 
surface reaches a clepth of 6 feet . . . the limit for gro~vth  for the 
higher aquatic plants lies between 2.5 and 3.5 percent of the total 
surface energy at, bottoin depth, bu t  that  it rapidly declines belo\\' 
4 perceiit where s e x r e  etiolatioil occurs in submergecl seed plallts. 
There is some evidence that  certain algae can grow a t  levels of 1 
percent of the iilcident light, but  i t  is not definitely known Il()\\. 

much light is required for  them to produce more oxygen by photo- 
synthesis than they use in their respiration. While criteria ~ f ' i  
vary with the area they can be kept relatively simple. F o r  exainpl 
a crit.erioi1 for a particular area might state-under conclitiolls 
brilliant sunlight a t  or near iiooll 4 percent of surface incidelit 

. . . . . .. .. - . . 
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shall 1-racl~ il d e~ ) t l l  of 6 feet. Illc.idcllt light tirlcl ligllt a t  ally ~ ~ I J C I I  

(1c.pth call be rc~aclily r t ~ a d  b\. Iilclalls of l~hotomc~tr r  fittcld fo r  1111tlr1.- 
\\rater use. " 

J\rilson (1!)57) statecl tha t ,  " .  . . ~.atllel- than  to propose arbitr.:\l.~- 
,al-i te~.ia eithei- for  tu rb id i ty  or scttlcablc solids, sonit3 pc.i-ce~ltage ill- 
l . l ~ c ~ i ~ ~ ( l  above IIOI ' IIIH~ low flow coi~(:e~ltratioiis slioi~ld br c:stablishecl. This 
, , i , ~ l l t l  take into consideration diflerc~iices i l l  ~vatershc~cl alid stream 01. 

I.,8,(ll-~-oir cha~-acteristics.  " ' 
'1'110 Aquatic Life Advisoi-y Conilnittee of thc Ohio l<iver Valle!- 

~ \ ' i~ tc~r .  Sanitatioil Conimissioll (1956) clid not establish r ec l l l i r e~ne~~ t s  
I ,oI . ( l~+li i~~g settleable solids. Tlicl sc3riouslicss of the silt pollntion pl-obleiil 
I- 

\\.;is I)l-esentecl ill c l~ ta i l ,  but  due to w lack of c~sact i l ~ f o r n ~ a t i o n ,  110 valicl 
(.l.itc,l.ia were fornlulatecl. 

JVaste c l i ~ c h a r g ~  wcluiremeilts conliiiol\ly set 011 an opert~tioll  liIieI\- 
1 0  t lisclia~~ge secli~nent into t rout ,  salmol~ 01. stc.elhcad waters t r ibut t~l- \ -  
1 0  111c.  Central Valley of California usuallj- contai1-1 the fo l lo~v i l~g  
~.l,l~i,c~s adol~ted  by the C e ~ i t r a l  Valley ITiitchr I'ollutio~i Colit1.01 Board : 

. \ I I ~  waste dischar-gecl jnto the waters of' -------- Creelr : 
111 Ol'(4 I 1. Shall ]lot cause a n  illcrease ill the ~latur t i l  turbiditjr dur*ing tllp 

period froni May 1 to  November 1 of each year.  

~ r i c i ~ l  I 2 Shall not colitaiil deleterious substancc~s in a n l o l ~ l ~ t s  \vhich nionld 
4 .  I l e  be tosic or hannfu l  to a n i ~ n a l  or  :icluatic life. 
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3. Shall not produce sil t  or gravr i  deposits. 

4. Shall not cause the dissolvecl os:.gen c o ~ ~ t e n t .  of ~.eceiving waters  
to fall  below 7.0 ppm.  

l'rotectioli of the streaills froill damage by escess turb id i ty  du r ing  
Ill(? periocl Noveinber 2 to Apri l  31 must clepei-1~1 upoil investigations to  
sho~v that recluiremeilt Number 2 was violatecl. Certainly no standal.cls 
i1r.c by themselves goillg to prevent claillage froill sediment ; bu t  
c~cl[lippecl n7itl1 a ge l~e ra l  set like this, a lino~vledge of what  has beell 
learned in  the past by others, and  soille biological investigation on  the 
st l.eam, the biologist, shoulci be able to  greatly recluce i t .  

LONG-TERM SILTATION RESEARCH 

Alnollg fisheries scientists, there is a11 i l~c reas i i~g  awareness of the 
l l ~ d  for  basic, long-term investigations on the influences of erosion a n d  
siltation on fish prodnction. To our  lino\j~leclg~, there a r e  a t  least fou r  
sr~ch projects iio\v ill existence. All of these a r e  coilcer~lecl nlith the  
 latio ti on ships betweell logging operations and  production of salmon or  
11-oat ill streams. Siltation is b u t  one, although probably the  illost im- 
~ ) o r t a n t ,  of the ~llealls by  which logging and  its associated works ac t  to  
ll~oclify the stream habitat .  

Four  sillall t rout  s t reams in ~ l o r t h e r ~ i  Idaho a re  uncler investigation 
by the Idaho Cooperative TVildlife Research Unit of the College of 
Forestry, University of Idaho. Trout  species include both cu t throa t  
and  eastern brook. Studies of these streanls prior to road coilstructioil 
and actual logging have bee11 co~llpletecl (Oien, 1957). The  secoild phase 
of the  s tudy  covered the  infllience of logging road co~istruct ion on the 
~ h y s i c a l ,  chemical, a n d  biological characters of the disturbed streal11 
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(Bachinanii, 1958). The final phase 11ow in progress will cover the 
effects of actual logging in the area. 

Another long-range project designed to critically evaluate the influ- 
ences of logging is now under way 011 four salmon streains in Alaska. It 
was initiated i11 1949 by the Alaska Forest Research Center of the U. S. 
Forest Service and will cover a t  least a 15-year period. A summary 
of the program and of the Center's first five years of work prior to log- 
ging was published by James (1956) and Anderson and James (1957). 
Data of great interest on natural changes in stream chaniiel topog- 
raphy, sedimentation, and n~ovenients of bottom material are presented 
in the fornler paper. Thc need for biological investigation brought about 
a cooperative research program starting in 1956 between the Center aiid 
the I4'isheries Researell Institute of the University of Washington under 
contl.act to the U. 8 .  Fish and Wildlife Service (Sheridan and McNeil, 
1960). 

For the past seven years the nepartnleiit of Zoology of the Uiiiversitjr 
of California a t  Berkeley has studied the fish populations, fish habitat, 
and related matters 011 Sagehen Creelr, California: These studies will be 
extended to include the effects of stream flow and sediinentation on fish 
populations (Ande~*son, 1958). Evaluatioiis will cover the effects of 
forest, brushland, and other laizcl treatinellts oil streamflom~, sedimenta- 
tion, and fish habitat and l~opulations. Trout species include brown, 
rainbou~, and eastern brook. 

The final, known long-term research project on the influences of log- 
ging is proceeding under direction of the Oregon Cooperative Wildlife 
Research Unit, Oregon State College, The results of preliminary studies 
were presented by MTustenberg (1954). Current plans call for an ex- 
tended study of pre-logging conditions on trout streams. 

SUMMARY 

Almost all of the i~ivestigations we have reviewed on the effects of 
sedinient on the aquatic life of flouring waters have been done 011 

streams inhabitecl by trout aiid salmon. Only historical changes and the 
~vorlc of Ellis (1931a) are available to evaluate the warm waters. 

There is abundant evidence that sediment is detrimental to aquatic 
life in saln~on and trout streams. The adult fishes themselves can ap- 
parently stand normal high conceiitratioiis without harm, but deposi- 
tion of sediments on the bottom of tlie stream will reduce the survival 
of eggs and alevins, reduce aquatic insect fauna, aiid destory needed 
shelter. There can scarcely be any doubt that prolonged turbidity of 
any great degree is also harmful. 

The question, " Ilow much sedinlent is harmful t " has not yet been 
answered since most -\vorkers have failed to measure the amounts of 
sedinient. The Aquatic Life Advisory Committee of the Ohio River 
Valley Water Sanitation Comniission (1956) reviewed the problem and 
reached the following conclusion : 

( (  . . . only a small amount of sand or silt shifting in and around 
the gravel of the bottom eliminates much of the area suitable for 
the attachment or hiding of the aquatic insects and drastically re- 
duces the total production of these forms. Small amounts of sand, 
not discernable by casual inspection but evident only on close ex- 
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aillillat,ioll 01' thc  bot toi i~  m;~le~~iwls ,  ('it11 b r ing  abont  significant 
cliangcs. 

( L r l  l o  lllc lwht of 0111- 1rnomlcclgc a t l c c l ~ ~ i ~ l e  t l i~ ta  ai-ch ilot a\.wiliiblc 
011 t he  a ~ n o r ~ i i t s  of' i ~ i o r g i ~ ~ l i c  mt~ tc~*i i~ l . ;  \ \ l ~ i c l ~  c4all bcl i~cltlctl t o  i1 

s trcanl n~ i t l iou t  s igl~if icant  harnl  to  i t s  p rod~ lc t i ve  cal3ac:ity. . . "  
rl'llis c!c~.tailll~- ;~gl-ccs wit,l1 o u r  own obsc:l-\~i~t:,ions. B'iclcl ill\.ctstig!.a t iolls 

\ \ . i t 1 1  c>lcct~-ic samplilig gear  in tllc Siei-1.a i\:c;l;~cla o \~~ : I '  tl~c! ~ , i ~ s t  y c i ~ ~ ~ s  
\ . ( I  1cd 11s to  clcvclol? t .11~  11iasi111, [ [ Clc i~n  s l , !*e i~~~l  bot1,ollls I I I ( ! ~ I I ~  gooc1 

1 l . c ) ~ ~ t ,  ~ ~ o ~ ~ ~ ~ l i ~ t i o ~ i s . ~ '  13): " ~ l c t ~ ~ i ~ '  \ V C  ~ I ~ ~ : I I I  li~(;liillg ~ I ~ I I V I I  S ~ I I I ( I .  
fiIi111~' of t l ~ e  s e d i ~ ~ i e i l t  l ) i*ob le~~is  i-e]~ol.tc:cl i l l  t l~c!  l i t e ~ . ; ~ t ~ ~ ~ . c !  a1.e 1.11(: 

I . ~ l s ~ ~ l t  of lai-gc-scalc discharges of sccl i i~le l~t  f 1.oi11 gl.it\rc?l \\.ilsllil~g 01' . . 
I I I I I I I I I ~  0 l ) C l ' i l t - i ~ ) 1 1 ~ .  TIlcsc 81 'C o f t ~ l l  ~ ] ? ( t ~ l . i ~ ~ l I l i ~ 1 '  b11t 1)~'0bill>l>- ICSS i i l i -  

I ) ~ ) l ' I i t i l t  tI1i~11 t l i ~  g1'i1~111;11 ~ l e ~ ~ o s i t i ~ ~ ~ i  being ca.11sci1 b ~ .  c-11.osiol1. 
'I'l~e j ~ i c r e t ~ s i ~ i g  activity of 111;111 011 0111' I I ~ O I ~ I I ~ ~ L ~ I ~  \ \ ' ~ \ ~ ~ . c I ' s ~ I ( ~ c ~ s  i l l  Cali- 

I'o1.11ii1, is 1.c?snl t i ng  ill ob\. iol~sly i~~c:rewsecl c:l.osic-)l~ i111c1 sccli~~rent,  dc1,osi- 
I i o l ~ .  O u r  fail~11.c. to rec;ogllizc! t l ~ a t  C \ ~ ~ $ I I  s11.1all a ~ ~ l o n l l t s  of scdi~lic:~~t-.  
I I I ; I > .  IliIL'lllfl~l ma!- well rc:sult, i l l  g1*;1(1uill c lc>st~+t~c: t io~~ of t11c n ~ a j o ~ . i I - ~ -  
I , I '  0 1 1 1 ~  sii-c~:t~ns, 1\11 ilc \\:ol.I; ll(t\.c!~.islll!. 1 o sol\.r Irlol.cl ol)\.ior~s i ~ l i c l  

x l  ) ~~ . l ; l cn l a r  p~wb le~ l i s .  
11iive bee11 in11)1.ctssc1tl I)!- t.\\.o f ' i l~ t s .  / " ; ~ ~ . s l ,  ~ : I I ~ ~ , I ' c  I I ~ I S  1 1 ~ ~ 1 1  sllffici~111; 

\\.o1.1; (lone to rstitl)lisl~ t11(: I'i~cf., Illilt s ( :c l i l~~(>~lf ,  is I ~ ~ L I ' I I I ~ I I ~  to ~ I ' O I I ~ ,  aiicl 
s i ~ l l ~ ~ o n  s t l - e a ~ ~ l s ;  tlie o ~ l l ~ -  ~.efc~~~cl~lc:cs f'o1111t1 t.o 1-]I(!  ( I O I I ~ I ' W I - J '  (TTai-tl 
1 !):ISiL ~ L I ~ C I  1.9:38b) I1;1\.e 11i:c~li aclcclu;~tel~- c:~.it icizctl. A';'clcto I / ( ? ,  0 1 1 ~ '  c.sl)el.i- 
cbt~c:c! in tlie 8ie1.1.i~ I\'e\.iitli~ i11~1ic:a.tcls 111i1.i. t l ~ o  I ) r ~ l l <  01' t , l~e  tlil111tl.ge t11e1-e is 
~ l l l~ lccessa~-y .  It.  C R I ~  1~ p ~ . e ~ . e i ~ t e t l  \\it11 I < I I O \ \ . I I  1i11ld 11se ~ l l e t l l ~ d s ,  oftell 
\ \ . i l l 1  l i t t le 01. 110 r~tl(litioiial espellse. ;1'111(:11 0.1' if. js tlle ~ ~ ! s l i l t  of ca1.e- 
Il~ssllcss. 

More tl1a11 t l n~ - t l i i ~ ig  else \ve need t o  develo], a pliilosophy of lwncl 
1111sbnnclry t h a t  \\.ill a~wicl  tlie crcatioli of u~i t ; rc t~. tcd a n d  r u n n i n g  sores 
0 1 1  t.he e.al.t,ll7s s~li*facci. M a n    nu st. acc-ll~il-e i1 ~.esl,ol~sibilt!- t o  f u t u r e  
g( l~ic?rat ioi~s  t ha t  ~llwtchc>s t l ~ e  ~,o\\.c:r I l c t  1.1ils g i i i l ~ ~ ( I  1.h1.011ph thc  clc~c~lo11- 
111enf; of hear j -  1naclli11e1-y. 

Our  obser\:ations ill the  fielil a ~ i d  ou r  l.e\.ie\zr of t ' l ~ e  cs i s t ing  litel-a- 
1111-c leads u s  to thc  u~ i s l~a l r ab l e  conclusion t h a t  nnless th is  can b~ 
( I : I I I C  man)- of onis t r ou t  s t reams  will bc destlso,vecl hy  the  clepositioil 
I I ! '  s~~ilirtieilt.  
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